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Predictability of the Electroencephalogram in People 


with Seizures 


STEWART RENFREW, M.R.C.P.; ISABELLA HAGGAR, and MARGOT WATSON, Glasgow, Scotland 


Introduction 


When electroencephalography is used as 
a diagnostic test in persons with seizures, 
it is Open to two criticisms. First, markedly 
abnormal interseizure records are often 
found in patients who have mild seizures, 
while, on the other hand, slightly abnormal 
and normal records are often found in pa 
tients who have severe seizures. Conse 
sequently, electroencephalograms afford no 
and 


evidence of the severity of seizures 


vice versa. Second, in patients with seizures 
an abnormal record can rarely be used with 
confidence as evidence of organic cerebral 
This still be 


maintained when the :cG abnormalities are 


disease second criticism can 


focal, for the clinician reasonably refuses to 


be satished with an electrical focus from 
which an abnormal histological lesion can 
not be inferred with confidence 

The first criticism rests on a distinction 
which is usually drawn between severe and 
the 


convulsions and the depth and duration of 


mild seizures in terms of violence of 


unconsciousness, distinction 


However, a 
can be drawn between people with seizures 
in terms of frequency of seizures, the age 
of onset, and the duration of the condition. 
In this paper an 


investigation will be 
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deseribed the results of which strongly sug 


gest that an assessment of seizures based 
on these variables, together with the type of 
seizures, does, in fact, correlate well with 
the EEG findings. Indeed, the correlation ts 
sufficiently close to permit the correct pre 
diction of normal and markedly abnormal 
records in the majority of patients. It wall 
be shown that some errors of prediction turn 
out to have a significance which partially 


invalidates the second criticism 


Method 


was made of 180 consecutive 


had 


a complaint of 


An initial study 


patients past the age of 16 who been 


Information 
tabulated 


years 


referred for an because of 


seizures abstracted from their case 


records was under various headings 


among which were the age of onset, duration of 


and 
table 


conditi mi, and type 


this 


frequency Of seizures 
that a 


correlation did not exist between one variable and 


kxamination of revealed close 
the EEG, and that only by combining the variables 
The 


variables 


could such a correlation be demonstrated 


most convement way of combining the 


score on the basis of each 


add the 


system eventually 


was to give patients a 


variable, and then to four seores. ‘The 


scoring adopted was arrived at 
method 

Of the original 180 patients, 100 had been seen 
by one of us (S. R.) at 


by trial-and-error 


an outpatient clinic, and 


these were retained in the series. The rest were 


excluded, since the accuracy of the histories could 
Another 400 
patients past the age ol 16 years (the histories of 
all of added, 
During 
the period in which these 400 patients were studied 


not be vouched for consecutive 


whom were verified by us) were 


giving a total of 500 patients in the series 


no reason was found for altering the scoring 


329 


SECTION GN 
S27 
= 
) 
q 
on 
a 
08 


A. M. A 


system, and the EEG appearances in terms of “Nor 
mal” and “Markedly abnormal” were, in fact, pre 
dicted before the recordings were made. When the 
predictions were imaccurate—and this occurred 
with only a small minority of patients—the his 
tories were rechecked, as a result of which a few 
patients were given a new score I_xperimenters 
inevitably have a bias of being more critical of 
evidence which conflicts with their experimentai 
hypothesis than of evidence which confirms it, the 
direction of the bias depending on their belief or 
disbelief in the hypothesis. Belief may be the 
product of reason in the early stage of an ex 
periment; but belief or disbelief cannot be for lone 
resisted, and the further collection of evidence 1s 
Inased by this belief. Bias is therefore inescapable, 
and the only course open to the experimenter 1s, 


by conscious effort, to minimize it 


Classification of Patients with Seizures 


Types of Seizures 
The division of patients with seizures 
into classes is fairly orthodox (Chart). There 


are, however, one or two innovations. The 


defining properties which distinguish mem 


Classification of 


Awake 
| 


Patient falls 


| 


ARCHIVES OF 


People with Seizwes for the Purpose of Predicting 


People with Seizures 


NEUROLOGY AND PSYCHIATR) 


bers of the two classes of seizures called 
major and minor are unequivocal, for in 
the major class the patient falls and in the 
minor he remains upright. The class with 
major seizures is divided into two sub 
classes on the basis of the loss or presence 
of consciousness, and the former class is 
divided on the basis of the absence or 
presence of convulsions. Any involuntary 
action whether of somatic or visceral 
musculature, is covered by the term con 
vulsion, and also included is a spasm of 
muscle generally described as the tonic 
phase of a seizure. The important point is 
that it is only the movement or spasm which 
occurs during the unconscious phase of a 
seizure that is regarded as significant in the 
present investigation, and movements or any 
other phenomena during the preunconscious 
or postunconscious phase are ignored. Thus, 
in the class called “major nonconvulsive” 


the usual distinctions made by medical au 


Sleep 


Patient remains upright 


Minor 


Unconscious Not unconscious 
Major | Akinetic 
| 


Convulsive* Nonconcul sive 


“Convulsive’”’ refers to actions in 
unconscious phase— Preunconscious and 
postunconscious phases ignored. 


Motor 
Déja vu 
Jamais vu 
Unreality Without “mental blank’ 
Undue reality Positive Psychical 


Emotional disturbance 
Rpeech phenomena 


Without violent 
behavior 


With no other 


com ponents 
Petit mal 


Dé6ja vu, Confusion Somatosensory 
etc, Sleep 


Nonviolent automatisms 


Blank means a period of amnesia from the subjective point 
point of view 
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|\—Hiccup 
|—Cough 
—Vertigo 
Lightheadedness 
Faintness 
~Paroxysmal pain 
~Tachycardia 
Somato- Paychical 
sensory | 2B Visceral and 
| special sensory 
experiences not 
With “blank associated with 
“mental blank" 
Violent behavior 
not associated 
with “mental 
blank" 


With violent 
behavior 
Psychomotor 


With other components 
Negative paychical 


V iscerosensory Special 
sensory 


of view and a period of unresponsiveness from the objective 
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thors in terms of aura and sequela are dis 
regarded. The description of major seizures 
requires no further elaboration except, per 
haps, to mention that the shivering and 
trembling often exhibited by a patient re 
covering consciousness is considered to be 
long to the postunconscious phase. It should 
be mentioned that sleep seizures are always 
convulsive, although this, no doubt, arises 
from the fact that in sleep seizures it is only 
convulsions which can be observed. 

There are a great variety of minor sei 
zures. A large number of these pass undet 
such names as hiccup, vertigo, lightheaded 
ness, recurrent pain, and tachycardia, to 
with such sei 


name only a few. Patients 


zures are excluded from the present in 
vestigation, since it is our experience that 
a markedly abnormal EEG is a rarity in 
this group. If normal records were pre 
dicted in these patients, most) predictions 
would be correct, a result which would 
scarcely merit mention in this paper 

There are three classes of people with 
minor seizures, signified by the terms motor, 
somatosensory, and psychical. The tirst two, 
which include myoclonus, need no explana 
tion. Psychical seizures, however, must be 
described at some length. A feature of some 
psychical seizures is the patient's unaware 
ness of his surroundings, and this may be 
described simply as a mental blank, or as an 
“absence,” to use the French name. During 
the blank the patient cannot be aware that 
he is having a seizure; else, there would be 
a contradiction in terms, but he may be 
aware immediately after he passes through 
Strictly 


speaking, it amounts to a period of amnesia 


a blank phase that it has occurred 


The patient indeed realizes that he has had 
a mental blank by noticing, for example, 
that he has missed a portion of conversation, 
or that people are looking at him as if he 
had behaved strangely. Occasionally the pa 
tient may be aware that he has had a blank 
without being able to account for this aware 
ness. A witness may observe that during 
the blank the patient is out of touch with 
his surroundings, that he looks dazed, and 
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that he does not respond to questioning 
Irom this unresponsiveness it may be in 
ferred that the patient is having a mental 
blank, so that a mental blank can stand as a 
defining property whether or not informa 
tion is obtained from a witness or from the 
patient himself. 

The class of patients with seizures called 
psychical 1s divided into two subclasses on 
the basis of the mental blank. When there 
is no mental blank, the patient describes 
psychical experiences which can be put un 
der the headings of déja vu, jamais vu, 
disturbances of the sense of reality, and 
emotional disturbances, such as ecstasy and 
fear. This class can be called positive psy 
chical. In such seizures a witness may ob 
serve nothing abnormal, owing, perhaps, to 
The 


which a mental blank occurs is divided into 


the brevity of the seizure class in 


two subclasses on the basis of violent ac 


tivity. When the patient exhibits violent 
physical activity, the seizure is called psy 
chomotor, and, in our experience, the inter 
of this kind of 


always normal 


seizure patient ts 


The class in which there is a mental blank 


but no violent activity is divided into two 


subclasses. In one there are no other com 
ponents beyond a little fluttering of the eye 
lids and fumbling of the hands 


this 


Petit mal ts 
Should a 


blank last longer than 30 seconds, or should 


reserved for class mental 
automatisms other than a mild fumbling of 
the hands occur, the patient 1s put into the 
class. called negative psychical, in which a 
shown in the Chart 
\ feeling that 


variety of components, 


may occur a blank 1s about 
to occur 1s sufficient to put the patient into 
this class, for in petit mal the patient has 
an attack It 1s 


phasizing that visceral and special sensory 


no warning of worth em 


symptoms in the absence of a mental blank 
Whether 


a patient has a positive or a negative psy 


are not called psychical seizures 


chical seizure is of no importance from the 
point of view of the I:eleG, since temporal 
focl are 


The 


lobe found equally in the two 


types classification, however, throws 
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emphasis on the mental blank which, to us, 
seems a fundamental point when seizures 
are discussed in relation to the EEG 

There is one kind of psychical seizure 


which deserves special mention. In_ this 


there are disturbances of speech, which may 
with a mental 


or may not be associated 


blank 


context with a conversation, or he may say 


The patient may say words out of 


words, out of the blue as it were, which 


are nonsensical. lor example, one patient 
crossed the street to say to a 
“You'll hang for this.” Of 


had no recollection 


stranger, 
this he later 
The same patient may 
say different things at different times. The 
speech may be gibberish, may consist of 
some interjectional phrase, such as “Oh my; 
oh my,” or may consist of nonsense words, 
as “tick-tock; tick-tock.” 


the patient may be unable to get words out, 


such on occasion 
or he may have a desire to speak nonsense 


without doing so, or he may have auditory 
hallucinations im the form of conversations 
Sometimes the speech may be accompanied 
by gestures normally associated with speak 
my These seizures are related to temporal 
lobe foct in the IkheG. Their particular im 
portanee wth regard to the I-b-G is that they 
are exhibited by many patients, and are 
often overlooked if the physician does not 
pose suitable questions to patient and wit 


ness 


It is apparent that an analysis of seizures 


may allow a patient to be put into several 


classes. For example, one seizure may have 


psychical, major convulsive, and psycho 


motor components. In these circumstances 
the patient can be given several scores on the 
basis of the type of seizure. The rule was 
thus made that when a patient had more 
than one kind of seizure, or when his set 
zures could be analyzed into different com 
ponents, he was given a score for each 
kind on the basis of frequency, age of onset, 
and duration, and the highest score was the 
one adopted for that patient. An example 
given later will make this clear 

The scores for the seizure types are as 


follows 
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Major convulsive 
Sleep seizures 60 


Major nonconvulsive 
Minor motor and 
Positive and somatosensory 
negative psychical 60 
Petit mal 60 
Frequency of Seizures 
The total number of 
may have in a specified period of time, or 


Psychomotor 


seizures a patient 
the average number within a specified period 
of time, was found to have no significance 
The significant point was the period of 


freedom from seizures. On this basis, a 
patient was scored for a frequency of one 
seizure a week if in the past month he had 
not had a clear week's freedom. Similarly, 
he was scored for a frequency of one sel 
zure a month if in the past year he had 
not had a clear month’s freedom. If he had 
a clear month's freedom, he was scored for 
The 


a frequency of one seizure year 


scores are as follows 
ne or more seizures a week 
One or more seizures a mont! 
One or more 


Age of Onset 
It was not unexpected that the score for 


seizures a 


the age of onset should be in inverse pro 
age. 
earlier the onset the higher the score. It 


portion to the That 1s to say, the 
was found by trial and error that the score 
calculated as 
Should the 


for age of onset should be 


2(25—age of 


onset). seizures 


have begun after the age of 25 years, the 


patient was given a zero score. The age of 
onset was taken as the age after which the 
patient did not have a clear year’s freedom 
from seizures. Thus, seizures at an early 
age were ignored if they were followed by 
a remission for more than a year 

Duration of Condition 

This score seemed to act as a correction 
factor for patients whose seizures began 
about the age of 16 or 17 years. The score 
(20 


was found to be duration of condi 


tion). If the patient had had seizures for 
20 years or more without a year’s remission, 
he was given a zero score. 
Final Score 
The final 


2(25-—age of 


score 1S given as follows 


onset) —(20-——duration of con 


dition) +type of seizure+ frequency of 


seizures 
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PREDICTABILITY 


Scoring Groups and the EEG 

The initial study of 180 patients indicated 
that with a score below 75 a normal EkIG 
could be predicted, whereas with a score 
above 75 an abnormal EEG could be pre 
dicted. Some examples can now be given 

(a) patient 
had 


within the 


aged 30 (or any age over 25 


years ) major nonconvulsive seizures, begin 


ning past year and occurring once a 


month 
Score: 0--20+0-+ 12 & Normal record pre 

dicted 
(b) A 


vears) had 


patient aged 30 (or any age over 25 


major convulsive seizures, beginning 


within the past year and occurring once a month 


Score: 0-—20+-60+12—52. Normal record pre 
dicted 

(c) A patient aged 30 (or any age over 25 
vears) had major convulsive seizures, beginning 
within the past year and occurring once a week 

Score 0 -20+60+ 60-— 100 Abnormal record 
predicted 

(d) A patient aged 30 had major convulsive 
seizures beginning at the age of 10 years and o« 
curring once a month 

Score: 30 -0+-60-+ 12-102 Abnormal record 
predicted 

(e) patient aged 21) years had psyelneal 
seizures, beginning at the age of 12 year and 
occurring once a month 

Score 26—11+-60-+- Abnormal record 


ted 


\ patient aved 26 years had major con 
vulsive seizures, beginning at the age of & years 
and occurring once a year, and also ! ychical 
seizures, beginning at the age of 24 years and 


occurring once a month 


Scores: 34-24 60+4+-0--92. 2--18+600+12—56 
Abnormal record predicted on the basis of the 
major convulsive seizures 


An obvious criticism of the scoring system 
is that not infrequently it cannot be decided 
with confidence whether a patient is having 
nonconvulsive 


major convulsive or mayor 


seizures. This is admitted; but if the above 
examples are examined, it will be seen that 
should the patient be past the age of 25 and 
his seizures month he wall 


occur once a 


have a normal score whether or not his 
If the seizures occur 


kind of 


portant; but with this frequency it is not 


seizures are convulsive 


once a week, the seizure 1S im 


difficult to get an accurate description of the 
seizures. When the patient is under 25 years 
of age, the kind of 


seizure 1s important, 
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even with a frequency of once a month; but 


when seizures start in childhood or adoles 
cence, it is not difficult to get an adequate 
description of the seizures. In summary, on 
those oceasions when it is difficult to get 
an adequate history, it is found that from 
the point of view of predicting the EehG 
the kind of seizure ts not important. It ts 
of course, impossible to obtain a deseription 
of all the seizures a patient may have; but 
if at least one is convulsive, the patient is 
for this unless there is definite evi 


that 


ored 
dence some of the 


When a 


observant to draw a distinetion between con 


seizures are hon 


convulsive witness is) sufficiently 


vulsive and noneconyvulsive seizures in the 


one patient, he is generally able to give an 
assessment of the relative frequeney of the 
two kinds 


There is no difficulty in seoring 


when nonconyvulsive seizures occur im a 


phase of the history prior to the major 


convulsive seizures 

When seizures begin after the age of 25 
years, the scoring can be simplified to type 
and frequency of seizure. Thus, with psy 
chiceal or major convulsive seizures 


should 


occurring 


once a week the patient have an 


abnormal In all other circumstances 
he should have a normal EIG 
All the remarks made with regard to 


scoring have one reservation. It has been 
found that a small number of patients with 


within the week following a major convul 


a normal score have an abnormal 


there 
When an 


abnormal I-E-G was obtained in this way, the 


sive or psychical seizure, although 


after the EEG returns to normal 
procedure was always repeated a clear week 


after a seizure, and the judgment as_ to 


whether a prediction was right or wrong 


When the 


frequency is once a week, the time interval 


was based on this second 
between the recording and the seizure ts not 
relevant to the present scoring system. It 
added 


which is 


may be that in our 


casionally be abnormal a few hours prior to 


experience al 


otherwise normal may 


a seizure 


AB 
4 
a 
ane 
3 
4 


A. M.A 


Taste | 


Major 


Non- 
convulsive 


Psychical 
Positive and 
Negative 


Major 
Convulsive 


Sooring 
(Ciroups 
Below 0 


NOK 


Above 120 


We have the impression that the duration 
of individual seizures has a part to play in 
the correlation of the history and the EEG. 
(nfortunately, duration can rarely be esti 
Nevertheless, it 


seem, for example, that psychical seizures 


mated accurately. would 
which are relatively brief are associated 
EEG 


provided, of course, that 


with relatively mild abnormalities, 
they are suffi 
ciently frequent and long standing. 
Llectroence phalograms 


Iediswan apparatus coupled to an analyzer 


eight-channel 
The 
electrode 
majority of EEG’s 
“markedly ab 
classified as 
EEG's 


neuro 


were recorded om an 


and standard 


The 


“normal” 


recordings were bipolar, 


placements were used 


were classified as and 


small number being 


Phe slightly 


normal,” a 
“Slightly abnormal.” abnormal 


were of a type found in people without 


logical complaints and should properly have been 
rhe 
uwlopted for the classification of EEG’s were ortho 
little 


subjects 


included in the normal group eriteria 


dox, although we deviated a from standard 


practice, since our control consisted of 


hospital patients who did not have nervous disease 
\ control group selected in this shows more 
“slightly EEG's 


selected from the nonhospital population 


Way 


abnormal” than a control group 
nd, as 


ho may 


a result, we have a bias toward describing 


as normal rather than abnormal, a nas whi 


he deseribed as “underinterpreting” records. Con 


trol subjects from a nonhospital population are dif 


heult to obtain and are not altogether satisfactory, 


since, being volunteers, such subjects are self 


selected and the selection is therefore not random 


The 


ventilation, 


used hyper 


this 


only provocative method 


the 


was 


and effects ot were ignored 


unless wave-and-spike activity was produced. We 
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Distribution of Patients in Scoring Groups 


Total 
Patients 
in Each 
Scoring 
Group 


Minor, 
Motor, and 


Sleep Sensory Petit Mal Psychomotor 


consider it impossible to define limits of normality 
with regard to the effects of hyperventilation under 
the conditions of routine EEG practice 


Results 


Table 1 shows the distribution of patients 
in scoring groups. It is evident that of the 
500 patients, about 400 have normal scores. 
As would be expected, the lower scoring 
groups are occupied by patients who are 
scored for major nonconvulsive, minor 
motor and somatosensory, and psychomotor 
seizures. As a guide to the reader, it may 
be said that patients with scores over 100 
generally have major convulsive or psychical 
seizures once a week, whereas patients with 
100 had 


since childhood or adolescence, oc 


scores between 75° and have 


seizures 
curring once a month or less. The groups 


scoring 


above 75 are equally occupied by 


patients who have major convulsive and 
psychical seizures. It should be remembered 
in this connection that some patients have 
of 
they are scored only for the type which 


more than one type seizure, although 
gives them the greatest score. Consequently, 
more than 58 patients had psychical sei 
zures, and more than 252 had major con 
vulsive seizures. 

In Table 2, the scoring groups which are 
given in Table 1 are telescoped for con 
venience. The number of right and wrong 
predictions is shown, and with these is given 
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: _ 7 2 24 
2 - 4 10 
Mie - - 
Min 4 1s 135 
Mie 47 3 i sl 
ie 3 42 
Tim 74 4 2 1 1 -- 25 
Mie 1 - 13 
LOG 12 1 1 34 
Total 242 104 | 20 7 6 4 500 
Vol 78, 


PREDICTABILITY OF 


Taste 2—Relation of 


Scoring groups Below 


Potal patients 108 
{ Right 
Predictions 
| Wrong 13 
Slightly abnorimai records 
Acceptable errors Organi 
below 7! | Wave-and-spike 
Sleep 
Family history 
Low 1. Q. 
Acceptable errors Sleep 


above 75 Nonconvulsive 
Psychomotor 

| Provoked 
Unacceptable errors 3 


* With scores over 75 markedly abnormal records are predicted, whereas with scores under 75 normal records are predicted. The 
numbers enclosed in brackets are included in other figures, the “slightly abnormal records 
being included in correct predictions. 


the “organic” and “wave-and-spike 


the number of EIG’s classified as slightly 
With 


EEG’s could have been included in correct 


abnormal scores below 75, such 


predictions. With scores above 75 they have 
been included in wrong predictions, although 
the numbers are given in parentheses. 

\ rong predictions are divided into ac 
With 


scores below 75 a markedly abnormal KEG 


ceptable and unacceptable errors 


represents a wrong prediction, and with 
scores above 75 a normal EEG represents 
a wrong prediction, With scores below 75 


some errors were acceptable because the 


With 


two exceptions head injuries were not made 


patients had organic cerebral disease. 


an excuse for wrong predictions, since head 
injury in the past has not necessarily been 
indicative of persistent cerebral damage. In 
the first exception an EEG focus was found 
over a bone defect, and in the second the 
patient had neurological signs referable to 
the We that 
spike activity, and variants of this pattern, 
the 


myo 


cerebrum found wave-and 


are unpredictable except when 


patient has frequent petit mal or 


clonus. Nevertheless, wave-and-spike 
tivity was allowed as an acceptable error, 
not in 


ab 


relative to 


would 
this 


since organic disease 


case be inferred from 


Sleey 


any 


normality seizures 


“awake” seizures were an important source 


of error, for there were & errors for 29 


patients with sleep seizures. These errors 
were partly explained by the difficulty in 


assessing the frequency of sleep seizures and 
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Scoring Groups and EEG Prediction * 


Above 
10 


187 23 a2 a7 
6 7 ws 
(1 a $7 
(2) $ (6 
4 ‘ 
3 
2 2 ‘ 

2 
2 

12 2 lv 


partly by the fact that the number of pa 
tients was too small to permit one to work 
out the correct score for this seizure type 
An 


error of prediction with sleep seizures ts 


A score of 60 is probably too high. 


therefore considered to be acceptable ‘A 
family history of major convulsive seizures 
in near relatives, but not major nonconvul 
low 1.Q. 


sive seizures, and a were made 
excuses for wrong predictions Of the three 
patients with a low 1. Q., none could read 
or write 

Sometimes scores over 75 were obtained 
even when the patient had major noncon 
vulsive or psychomotor seizures, Owing to 
the combination of the frequency of the 
seizures and the age of onset. In three pa 


tients with major nonconvulsive seizures 
and in one patient with psychomotor sei 
zures, abnormal records were, in fact, not 
expected, and the finding of normal EIeG’s 
was not thought to be an error of prediction 
Of two other patients with scores over 75 
and normal E.hG’s, one had frequent major 
convulsive seizures, always 


had 


zures, occurring infrequently 


provoked by 
similar set 
child 


unex pec ted 


coughing, and the other 
Sinee 
hood and always provoked by 
pain. These two patients were thought suf 
hieiently unusual to justify considering the 
errors of prediction acceptable 

When the acceptable errors of prediction 
the total 
found that the number of unacceptable et 


are subtracted from errors, it 1s 


rors 1s 19, or 4°% of the total 


being included in wrong predictions and 


= 

Total 
= 75—100 100— 120 

= 

4 

4 

a3 
q 

4 
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There are 79 wrong predictions in pa 
the 


Ace eptable errors are subtracted, except those 


tients with scores below 75 


with organic cerebral disease, there are 50 


errors. Of these 50 errors, 35 were for 


patients who had organic cerebral disease. 


In other words, if, for a patient with a 


score below 75, there is an unacceptable 
error of prediction, the patient has 7 chances 


in 10 of having organic cerebral disease 


Comment 


There is no doubt that 500 patients is an 
msufficient number from which a final con 
clusion can be drawn with regard to the 


An check on the 


system would seem to be offered when treat 


scormg system obvious 
ment reduces the frequency of seizures, for 
the scores would then be materially altered. 
However, an inquiry along these lines proved 
to be disappointing. It emerged that, al 
though energetic treatment would often re 
the total 


specified period, it 


duce number of 


seizures a 


was not common for 
frequency to be reduced from one a week 
io one a month, or from one a month to one 
a year. The best results were obtained with 
psychical seizures, which often responded 
this 


occurred, a reduction of the score below 5 


dramatically to treatment; and when 


was associated with reversion of an ab 


normal kG to normal. Since a clear week 
with no seizures was all that was required 
to change the score in some patients, the 
return of the EG to normal was apparent 
the last 
With major convulsive seizures the 


within one or two weeks after 


seizure 
with 


results were unsatisfactory. Patients 


major convulsions more than once a week 


had 


childhood, so that a reduction in frequency 


often been subject to seizures since 


did not return their scores to normal. These 
patients, too, proved to be unreliable in their 
attendance at clinics, and of those who did 
attend the frequency of seizures could not 
be reduced sufficiently to alter the scores. It 
is an interesting comment on treatment that 
many patients will report considerable im 
provement although there has been no change 
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in frequency, the improvement being in the 
form of a reduction of the severity of each 
that 
a considerable reduction in the fre 


seizure; and also many patients will 
report 
quency of seizures although inquiry reveals 
that the periods of freedom from seizures 
week to 


month, or from one month to one year 


were not increased from one one 


It is striking that the interseizure E1G’s 


associated with major nonconyulsive 


zures are always normal, although undue 
this, 


since such seizures tend to be infrequent 


significance should not be given to 


This remark ts also relevant to psychomotor 
seizures, Only six patients in the 
had 


Three patients, however, had major 


present 


series nonconvulsive seizures once a 
week 
nonconvulsive seizures several times a day, 
and despite this their records remained nor 
mal. This was never found in people with 
convulsive seizures, At any rate, it is clear 
that clinicians who wish to divide people 
with seizures into classes signified by epilep 
sy, hysteria, and syncope cannot hope for 
the electroencephalogram to reveal the ce 
fining properties. Indeed, even the attempt 
to use the EEG to distinguish between major 
convulsive and major nonconvulsive sei 
zures is reduced to absurdity, for the KEG 
in the former is only abnormal when this 


kind of 


long standing for an adequate description of 


seizure is sufficiently frequent or 


the seizures to be obtained. In short, noth 
ing can be inferred from the EEG which 


cannot be obtained from the patient and his 


relations, In this connection it can be stated 


that the abnormality rate in a series of 
patients can be predetermined by the selec 
tion of patients Thus, it is possible to select 
patients so that the EEG’s will be nearly 
all normal or nearly all abnormal. It is 
relevant at this point to mention that a prior 
history of major nonconvulsive seizures is 
not uncommon in patients complaining of 
major convulsive seizures. This association 
of nonconvulsive and convulsive seizures is 
perhaps not so significant as it first appears, 
for major nonconvulsive seizures are very 
common in the “normal” population and in 
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a hospital population ire often associated 


with various psychomatic complaints, such 


as headache and ulcer 


It is of that 


some mnportance 


were related to psychical seizures 


roughly 


half of the abnormalities 


predicted 
\eccuracy 
in predicting an EEG therefore depends to 
a great extent on inducing patients to ig 
nore, for the moment, their occasional ma 
jor seizures and to discuss at some length 


Most 


before 


their minor 
a littl 


seizures patients require 


prompting they will admit 


seizures which, at the beginning of an inter 
view, they say are indescribable. When they 
realize that these minor seizures are of 
interest to the physician, they generally give 
descriptions which leave the physician in no 


doubt of 


their vivid, obtrusive, and ex 


plosive nature. Speech seizures previously 
mentioned often do not come to light unless 
friends and relations are expressly asked 
this the 


nonsensical speech is thought to be indica 


about them. and may be because 


tive of insanity. An interesting point which 
emerges from the study of negative and 
positive psychical seizures is that they oc 
cur sufficiently often to account for the ap 
pearance of all temporal lobe foci in the EEG 
that is, there is no evidence that temporal 
lobe foci are related to any other kind of 
seizure. The only exception is found in peo 
ple with sleep seizures, which always seem 
to be convulsive. However, one or two pa 
tients im the present series described how 
they may be awakened from sleep by psychi 
cal seizures, and, consequently, it may be 
supposed that such seizures do occur during 
sleep 

Correct predictions of EEG’s have only 
confirmatory value. An error of prediction 
with regard to an abnormal E.G, however, 
should arouse the curiosity of the physician, 
doubt the 
accuracy of the history, there isa probability 
of 7 in 10 that the 


cerebral disease 


for, 1f there is no reason to 


patient has organi 
Perhaps this may be put 
with advantage in another way by saying 


that 1f an abnormal IEG is correctly pre 


Renfrew et a! 


TROENCEPHALOGRAM 


dicted, it is evident from the history that 


the patient will require energetic medical 


therapy; on the other hand, if an abnormal 
the 


patient will require careful follow-up, and 


represents a wrong prediction 


possibly neuroradiological investigation, In 


only four patients in this series was it 


thought justifiable to pursue neuroradio 


logical investigation solely on the strength 
of a wrong E:IeG prediction, and in each 
case cerebral disease dis 


organ Was 


covered——-gliomas in two, carcinoma im one 


This 


number is due to the fact that patients with 


and cerebral atrophy in’ one small 
seizures and abnormal E-lG’s often present 
with neurological signs, with the result that 
can be inferred 


patients are generally admitted to a neuro 


organi cerebral disease 


without reference the These 
surgical unit and do not appear in the pres 


ent series. It is common in a neurosurgical 
unit for a patient with seizures and a cere 
bral tumor to have a normal score and an 
abnormal IkIcG; that 1s to say, wrong pre 
dictions of abnormal E-EG’s are common 


The 


adopted as a means of proving the scoring 


method of predicting was 


system. It should be apparent, however, that 
the scoring system is merely a method of 
classification in which patients are put into 


classes on the basis of a score above or 


below 75. The class, the defining property 


of which is a score below 75, is subdivided 
on the basis of EIG's, and membership of 
the class, the defining property of which 
is an abnormal EEG, allows the inference 


that organic cerebral disease has a prob 


ability of 7 in 10. The conclusion is that 


the EEG is only one of the defining proper 


ties used in the division of people with 


seizures for the purpose of inferring ot 
ganic cerebral disease and that, since the 
other defining properties are brought to 
light in the process of taking histories, it 
follows that in the face of a poor history a 
technically perfect EEG is without value 


Indeed, it may even be misleading 
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A. ARCHIVES 


Summary 


\ correlation is made between types of 


cizures, frequency, age of onset, and dura 


tion of condition, taken collectively, and 

\ scoring system is described which ena 
bles this correlation to be easily made 


allow 


correlation sufficiently good to 


keG’s to be predicted in terms of 
“markedly abnormal.” 


“normal” and 


VEUROLOGY AND PSYCHIATR) 


Ixrrors of prediction are analyzed as a 
ceptable The lattes 


amounted to only 4% of 500 patients. 


and unacceptable 


It is suggested that, when an abnormal 


prediction, there are 7 chances in 10. that 


represents an unacceptable error of 


the patient has organic cerebral disease 
The cost of the electroencephalograph used iy 


this met by a grant trom. the 


Endowment Fund of the Glasgow Roya 
Rov al 


investigation was 
Infirmar 


(lasgow Infirmary 
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Paraplegic Patients 


Introduction 


The reciprocal innervation of the smooth 
vesical detrusor and striated muscles of the 
pelvic floor has been well documented by 
cystometry, electromyography, a combina 


tion of the two, and various anesthetic 


pro 
cedures, Thus a good working hypothesis 
has been provided for physiological and 
pathological micturition.' According — to 


common neurological nomenclature, there 
fore, only proprioceptive reflex activity has 
been studied. In contrast, the retlex activity 
which the bladder 


mucosa and responses of the detrusor and 


correlates stimuli of 


pelvic floor musculature has not been ex 
plored 
Three factors motivated the present study 
1A the bulbo 
cavernosus reflex,” which is diagnostically 
important im 


continuing interest) in 


differentiating somatomotor 
this 
significant im the proper 
classification and treatment of patients with 
traumatic bladder the 
contains the spinal visceromotor reflex cen 
ters of the bladder 


lesions above and below the conus: 


reflex becomes 


cord because conus 


experience with sacral 
neurotomy on patients with spinal cord in 
jury has shown that the reflex are synapses 
not exclusively in S-3 (as postulated by 
Bing and Haymaker ), but includes all sacral, 
and possibly the fifth lumbar, segments 7; 
these findings have been complemented by 
investigations on normal subjects with the 


aid of spinal anesthesia.” Studies of the 
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bulbocavernosus retlex are still in progress 
and only features pertinent to the present 
subject will be recorded here 


2. A patient with complete physiological 


transection of the cord at C-6 underwent a 
from S-2 to S-4 in an 


attempt to control autonomic hyperretiexia 


sacral neurotomy 


from bladder distention. His hypertension 


abated promptly, but the sudomotor dis 


charges persisted. “Tetracaime 


(Pontocaine) anesthesia of the vesical 


mucosa was done 


to determine whether a 
possible mucosal pathway of reflex hyper 


hidrosis could be suppressed This was not 


the case, although it was known that tetra 
caine anesthesia 


can abolish 


paroxysmal hypertension.” We believe that, 


temporarily 


in this case, the intact pathways coursing 
along the sympathetics sustained the hy 
perhidrotic reaction. Unexpected, however, 
was the patient's report that he voided per 


urethram for the first in three 


time years, 
despite the presence ofa suprapubte cystos 
tomy. This precipitated the thought that a 
reflex between vesical mucosa and pelvic 
Hoor musculature was probable, and was 
possibly an 


unportant component im the 


pathophysiology of bladder dysfunction 


3. While this experience suggested the 


Importance of anesthetized mucosal recep 
tors, the importance of stimulated receptors 


remained to be demonstrated, In the course 
of a study of mechanical and thermic stimu 


lation of the bladder mucosa in normal and 


paraplegic subjects, it was discovered that 
small amounts of instilled ice water initiated 
the desire to void. This desire, in turn, 
signifies a detrusor contraction (a pro 


prioceptive sensation), which reciprocally 


relaxes the pelvic floor musculature 


& 
j 
| 
iw 
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Consequently, experiments were devised 
to study the behavior of the bulbocavernosus 
reflex and pelvic floor musculature, and that 
of the bladder, under resting conditions, un 
der mild and intense stimulation, and undet 


anesthesia 


Material and Methods 


Patients with traumatic cord lesions of various 
level and extents volunteered for the respective 


\s a representative of the pelvic floor muscula 
ture uid a ignificant participant im the bulbo 
cavernosus reflex, the external sphincter ani wa 
chosen for electromyographi recording all 
Case kor the purpose of assessing the over-all 
wtivity of the muscle, separate insulated needle 
electrodes were inserted approximately 1 em. apart 
to form a bipolar pair. Under reetal digital 
guidance, positions of the needle tips within the 
muscle were ascertained and confirmed by re 
cording This method was preterred to the coaxtal 
Inpolar technique, because it excluded activity from 
the surrounding muscles but at the same time was 
not limited to pick-up from a small group of 
muscle fibers. It allowed a statistical impression 
of the activity of the entire muscle fiber popula 
tion. Recording was performed on one channel 
of an Offner electroencephalograph 

hor the purpose of tabulating electromyographi 
responses quantitatively, a simple scale was de 
vised. The seale was based upon a combination 
ot voltage, trequency of discharge, and number of 
wtive motor units. Although discharges of single 
motor units usually could be identified, the seale 
pertains to the voltage (amplitude) of the envelope 
of an “interference pattern.” As used in clinical 


electromyography, the term “interference pattern” 
refers to an accumulation of muscle discharges, 
which is so dense that the wave form of the im 
dividual motor unit cannot be distinguished. The 
scale was as follows: “zero” (zero microvolts), 
mimumumn (Cup to slight (up to 
moderate (up to 75av), great (up to 100gv), and 
maximum (Cover 100uv). Responses to stimuli 
were measured as the difference between the total 
resulting electromyographie activity and the ante 
cedent resting level 

The bulbocavernosus stimulus was applied by 
(1) squeezing the glans penis, (2) pull on an 
mtraurethral catheter with its 5 cc. Foley bag 
inflated, and (3) pull of a similar suprapubic 
catheter 

Vesical mucosal anesthesia was achieved by a 
0.25% solution of tetracaine hydrochloride in dis 
tilled water (2 to 302. [60 to 90 ce.]), which was 
10 minutes after 


dramed mistillation 


“Wo 
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Vesical mucosal stimulation was achieved b 
instillation of 2, sometimes 3, oz. of sterile ie 
water, which was preceded by a control trial with 
the same amount of sterile saline solution of room 
temperature 

Cystometry and sphinecterometry were done by 
means of the Lewis apparatus’ and a “simple 
sphincterometer.” * A continuous drip with steril 
water supplied the volume at the rate of approxi 
mately 25 ce. per minute. The technique was like 
that reported previously 

Capacity-residual urine tests at the bedside were 
performed in the following manner letracaine 
solution, 2, or 3, oz., was instilled into the emptied 
viscus, allowed to remain for 10° munutes, 
and drained before removal of the catheter 
Capacity and residual urine were determined one 
hour thereafter. The type of incidental voiding 
was noted, whether by “reflex” or by “volitional 
strain.” 

The behavior of the voiding reflex under saline 
and ice-water stimulation was observed betore 
and after tetracaine anesthesia at the bedside [wo 


ounces of each fluid was used 


Effect of Tetracaine Anesthesia of the 
Vesical Mucosa on the Electromyogram 
of the Anal Sphincter 


(Figs. 1 and 2) 

Twenty-nine examinations were done on 
16 patients. Two patients had incomplete 
cervical lesions; seven, complete cervical; 
five, complete thoracic, and two, complete 
lumbar lesions. 

The basal activity of the sphincter ami 
IXMG decreased in 21 instances; it remained 
unaltered in & instances; in 1 case, it re 
mained unaltered on the first trial, but de 
creased after a second instillation. 

The electromyographic response to single 
or repetitive compressions of the glans penis 
was decreased or abolished in 9 (Fig. 1), 
unchanged in 14, increased in 2, and ques- 
tionable in 1 instance 

The electromyographic response to single 
or repetitive pulls of the urethral Foley bag 
catheter was decreased or abolished in 16 
(Fig. 1), remained unchanged in 7, and 
was doubtful in 2 instances. An incidental 
observation was the abolition of response 
to mucosal suction, which unpublished ex 
periments have shown to be a very strong 


stimulus 
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B 5 Sec 


TSqueeze f Glonst Squeeze Gions 


Pull Urethral fPull Urethral 
Cath. Cath. 


C 


Pull Urethral Cath. 


THord Pull Urethral Cath. 


Mucosal Suction tSuction Catheter? Movements 
1 The left columm of the 


figure represent to 
mucosal anesthesia with 0.25% 


ariou betore 
aqueous solution of tetracame hydrochloride 
the responses to the same stimuli after 


Patient A, Age 4; level: C-6, 


A: The upper and lower tracings show anal sphincter EMG response 
cavernosus reflex by stimulation of the 


Priple stimuli are used in each case 


right column 
anesthesia 


complete 


on testing the bulbo 
glans penis and of the bladder neck, re pectivel 
Note that the respotises to bladder-neck stimulation (pull 
on a urethral catheter) summate Not only are the 


second and third responses more pro 
nounced, but the sphincter tone 


(as evidenced by the density of the EMG tracing) remains at 
a higher level after the final stimulus than is apparent before stimulation 

B: The upper and lower tracine parallel those of A after 
resting, prestimulus IMG activity is practically abolished 
of stimulation are greatly diminished, Before stimulation, these tracings exhiulbnt 
artifact (base-line deflections synchronous with the EKG). whicl 
anal sphincter is completely relaxed 


Patient B. Age: 36; level: T-10, 


vesical mucosal anesthesia. The 
and the responses to both monde 
a pul 
offen appears when the 


comple te 


C and J): In contradistinction to A and B. which 


1 demonstrate diminution, these tracing 
show complete abolition of responses. The last line shows that this 


the most potent stimuli, namely, mucosal suction. Note 
response, via the unanesthetized urethral receptors 
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obtains even with one of 
that catheter movements still elicit a 


x 
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SPINAL REFLEX ACTIVITY FROM BLADDER MUCOSA 
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fut suprapubic cath. putt suprapubic cath. 


t Squeeze Gians t T Squeeze Gions 


TTT Pull Urethral Cath. f Putt Urethral Cath. 


ice Water 4! ice Water ! 


ice Water 4! Penis Retracts Urinary Spurt Spurt 


ce Water § | ice Water Penis Starts Retracting 
ig. 2.-Patient ¢ Age: 34; level: C-6, complete 
Columns 4 and B show the effect of various stimuli before and after mucosal anesthesia 
In each instance, inhibition of clectromyographic activity follows stimulation prior to anesthesi 
but 1s abolished by anesthesia. This type of inhibition remains unexplained. In contradistinction 
to other cases (Figs. 1 and 4), the resting tonic EMG activity is not diminished by anesthesia 
(© demonstrates the result of ice water stimulation through a suprapubic tube after the imtra 
urethral catheter has been removed. The response consists of an inhibition of EMG activity 
associated with retraction of the penis and urinary spurts per urethram, i.e., a result ot 
detrusor contraction. This response is believed to be due to either or both of two factors 
(1) The mucosal anesthesia has worn off (after 19 minutes), and (2) urethral stimulation 
irom the catheter is absent 1): following renewal of anesthesia, ice water stimulation under 
identical circumstances (as in C) elicits neither inhibition nor voiding but merely prodromal 
penile retraction 


A B 5 SEC. 
| 
ice Woter lee water! 
Cc 
A 
D 
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500yV 
A 5 SEC 
+ + Squeeze Glans 4 4 Pull Urethral Cath Pull Suprapub Cath 


4 Pull Suprapub. Cath Pull Urethral Cath Grasp Penis 4 + Squeeze Gions 


C 


f f Pull Urethral Cath Pull Uretnrai Cath 


+ 
Pontocoine 41 Pontocaine 4! Pontocaine 41 


Pontocaine 4! Pontocaine 4! Pontocaine 4! Release 
big. 3.— Patient ¢ 44; level: C-6, complete 
1 and # demonstrate that the sequence of applied stimuli (squeezing glans, imtraurethral 
and suprapulne catheter pull) does not affect their relative inhibitory potencie ( shows that 


tetracaine anesthesia increases the threshold, m that inhibition results only if the number of 


timuli in short succession is imereased from three to six. 1) and /:, by the same token, show 


that anesthesia removes mucosal facilitatory afferents, leaving only proprioceptive afferents 
uid thus imereases the threshold to a point where only volumetric summation results in ar 
idequate strmulus. This interpretation is corroborated by the fact that release of the fluid 
(/:) imitiates an even greater response. Furthermore, comparison of J) and FE shows that 
summation in the third response of /) is caused by both the mucosal and the proprioceptive 
afferents, while this summation is absent in / The response to the third stimulus in / 


considered to be exclusively myotati 


a 
E 
‘ 
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In a few instances, inhibition, 1. ¢., de 


crease of electromyographic activity, fol 
lowed stimulation per glans or catheter. This 
inhibition was eliminated by anesthesia in 
four experiments with stimulation of the 


glans and in three with catheter pull (hig 


In a preceding, unpublished study we 


have noted that inhibition may be achieved 


as well by intermixing stimuli as by repeti 


tion of the same stimulus. In one case of 
the present scrics we confirmed our previous 
experience, ligure 3 shows that the sequen 
tial order of applied stimuli does not alter 
their relative inhibitory potencies, nor does 
it alter their relative excitatory potencies 
letracaine anesthesia increases the threshold, 
so that inhibition results only if the number 
of stimuli in short succession is increased. 


While 


rarely from repetitive compressions of the 


summation of responses resulted 


glans, it occurred frequently on catheter 


hig. 4 
lop left 
electrodes—-not 


Patient Bo Age: 36; 
The 


level 
anal sphincter 
fibers impinged upon, but an “interference 
reflexly trom (1) myotatic stimulus of a 
“pain” stimulus of penetration of 
involving the entire spastie 
lop center 
relaxation 
lop right: Urethral catheter insertion 
pathway, one which, in this patient, 1s not 
shows an “interference pattern” of toni 
Second strip: On a background of toni 
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shows 
“insertion potentials” im the usual sense of 
pattern” of 
loreign 
the skin, the sphincter participating in a 
muculature of the pelvic 
Adaptation to the stimuli of electrode insertion eventuates in almost total 


supplies 
subject to adaptation 
contraction, but the contraction persists indefinitely 
EMG activity, the responses to two instillations 
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pulling (Vig. 1). Anesthesia abolished the 
summation of responses from glans stimula 
tion in every case in which it existed. Anes 
thesia also abolished the summation of re 
sponses from catheter pull in the majority of 
cases in which it was present. An increase 
anesthesia seemed to 


of summation after 


occur in two cases with either stimulus. 


Summation apparently was unaltered in 

three cases with stimulation via catheter. 
No correlation could be found between the 

level or extent of the lesion and responses 


obser ed 


Effect of Stimulation with Saline and 
Ice Water on the EMG of the Sphincter 
Before and After Mucosal Anesthesia 


(bigs. 3 and 4) 


I.xamination was made of 15 patients; 


5 and 


had 


3 had incomplete lesions at C-5, C 


C-6, and C-6, respectively; the rest 


l-10, complete 


a sustained msertion ol needle 
mechanical excitation of muscle 
tonic motor unit activity resulting 
within the muscle, and/or (2) the 


reflex” 


response to 


body 
“mass 
floor 


different afferent 
The sphincter ani again 


stimulation through a 


of isotonic saline can be discerned as a “thickening” of the interference pattern of the numerous 
motor unit discharges. Two separate increases in density of the tracing appear, each lasting 
about 10 seconds 

Third strip: At the very beginning of the strip, tonic EMG activity is relatively slight; the 
high amplitude of the recording is due to a single, rhythmically firing motor unit, with which 
one of the electrodes happened to be in close contact. Instillation of 1 oz. (30 cc.) of ice 
water elicits an explosive LMG response, and no recovery is evident before the second ounce is 
instilled. The responses summate and result in a protracted increase of EMG activity. The 
second instillation is terminated by a strong detrusor contraction, which forces the fluid out 
around the catheter. About five seconds after the onset of this contraction, the sphincter 
activity decreases slightly 

Fourth, fifth, and sixth strips: These strips comprise a continuous 
sphineter EMG response to vesical mucosal anesthesia with 0.25% aqueous solution of tetra- 
eaine hydrochloride. At the beginning, the tonic background activity is moderate, and the 
high amplitude (250uv) of the tracing is again due to the single motor unit which dominates 
the previous strips. Recording of this motor unit is opportune because it reflects, as a 
representative member, the processes of relaxation which affect the entire motor unit popula 
tion of the sphincter. Just as this one unit slows its firing frequency from 10 to 1 per second 
and then quits, so does the background (solid black) activity diminish in density and_ finally 
expire, despite the presence of the urethral catheter 

Seventh strip: Under vesical mucosal anesthesia, the anal sphincter is completely relaxed. 
The small ripples in the base line are probably due to movement and to EMG potentials from 
distant muscles. Repetition of the two ice water stimuli is utterly ineffectual in reviving 
sphincter activity. This illustrates the importance of vesical mucosal receptors as a source of 
facilitatory afferent impulses for the maintenance of anal sphincter tone and as moderators 
of the bulbocavernosus reflex 


recording of the 


ot 
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\ 


Needles inserted atheter Inserted 


¢ 
ice Water 4 


Pontocai 


(cont) Cough 
+ 
ice Water 4 | ice Woter 41 


| 

5 sec a 

j 

\ 

« > « 

Pontocoine © | 

(cont ) 

Kors 4 
J 
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which was 
2 at T-6, 
the last 


chineally complete lesions, 1 of 
C-4, 1 at C-5, 4 at C-6, 1 at 7 
1 at T-10, and 2 at IL-1. One of 
lesions was “mixed,” in that it was an upper 
motor neuron lesion somatically but a lower 
motor neuron lesion autonomically, as 
demonstrated cystometrically and by the im 
ability of the detrusor to eject 1-2 oz. (30 
60 cc.) of 


all patients 


instilled sterile ice water 
had 


lesions 


somatically upper 
neuron 
C-6, had suprapubs 


with a lesion at 


catheter; the rest had intraurethral loley 


bay catheters 
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Thus, 
motor 


Only one of the patients, 
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electromyo 


All. 15 


graphically to saline or ice water instillation 


patients responded 
before mucosal vesical anesthesia with tetra 
caine. After anesthesia, these responses were 
but this 
patient with a “mixed” lesion at L-1. 

In 13 


either a decrease or a complete abolition of 


altered in all one case; was the 


the alteration consisted of 


CASES 


the basal activity at rest and of the electro 


myographic response to the stimulus (Tig 


4) 
That fluid 
stimulus the 


imstillation constitutes a mu 


quantities used 


3 (lines and 


cosal 


demonstrated in ligure 


#370 


4 


| 


4 


5 Patient B. Age, 36; level 
The upper and lower tracings are 


before and after mucosal anesthesia 


T-10, complete 
sphincterometric 
Note that sphincterometri 


cystometric 
values diminish 


and recordings obtained 


trom 90 to 


10 mm. Hg, the capacity mereases trom 250 to more than 400 cc., the peaks caused by volitional 


thdominal pressure mark 
curve) increases, in this particular 
the catheter hetore, but not atter, 


increments 
patient 
anesthesia 


four minutes); the tone (slope of the 


was terminated by 


(every 


The recording ejection ot 
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° MINUTES MINUTES 10 MINUTES 1s 
me MINUTES MINUTES 10 MINUTES 1s 
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In this case, removal of mucosal afferents 


by topical anesthesia increased the threshold 
to the point where only volumetric summa 
tion resulted an adequate (myotatic ) 
stimulus 

In one case (C-6 complete lesion), the 
response consisted of inhibition rather than 
the before 


ictivation of electromyogram 


anesthesia ( Fig, 2, lines 4-6). This inhibition 
was accompanied by voiding in one instance 
(Fig. 2¢ 


hibition was abolished 


). Following anesthesia the in 


Effect of Mucosal Anesthesia on the 


Cystometrogram 


(lig. 5) 
\ total of 19 patients were examined; 
4 patients had complete cervical, 6 complete 
thoracic, 1 a complete lumbar, and 3 incom 
plete cervical lesions. ¢ apacity and residual 
urine, tone, autonomous 


waves, uninhibited 


contractions, micturition retlex, sphinectero 
metric data, and balance of bladder function 
(expressed by ratio 

These 
tabulated in terms of increase, decrease, o1 
Che 
marked increase of 


(13 and 12 
tended 


residual/capacity ) 


were evaluated functions were 


lack of change majority showed a 


capacity and residual 


urine patients, respectively ); 


the tone to decrease (9 patients); 


and contractions, both autonomous and un 
inhibited, remained unaffected in more than 
one-half the 


patients; sphincterometri¢ 


decremental trend (8 


improved in & and remained unaltered in 


showed a 
the 


reading 


patients ); balance of function 


9 patients. It should be noted, however, that 
the improvement was neither permanent nor 
optimal. Figure 5 shows inerease of capacity 
and decrease oft 


tone, sphincterometric 


alues, and unchanged balance 


Effect of Mucosal Anesthesia on 
Bladder Function * 
\ total of 49 patients were subjected to 
122 the 49 


had (18 


examinations. Of patients, 35 


complete lesions cervical, 15 


* Dr 


studies 


George K. Kawatcli assisted with these 


Blinn 
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thoracic, 2 lumbar) and underwent 79 ex 


had 


thoracic, 1 


aminations; 14 patients incomplete 


lesions (9 cervical, 4 lumbar ) 


and underwent 43 examinations 

Of 122 trials, the capacity urine increased 
in 57.5%, decreased in 40, and remained 
unchanged in 2.50% 
390%, 


remained unchanged in 


The residual urine in 
creased in decreased in 

“Functional improvement” does not reter 
bladder as defined 
the (1) 
in which the bladder expelled urine after 


to “balanced function,” 


elsewhere **; term refers to Cases 


anesthesia, but not prior to anesthesia, and 
(2) cases in which the residual-capacity 
ratio mproved postanesthetically. lunctional 
improvement occurred in 516, and no im 
provement, in 49% 

Although changes in capacity and residual 
urine were independent of the extent of the 
lesion, there appeared to be 


to the 


a relationship 


level; capacity urine increased and 


residual urine notably 


decreased, with a 
greater frequency in trials on patients with 


thoracic lesions than in all others 


No consistent relationship was noted be 
tween functional improvement and the dire 


tion of 


change of and 


capacity residual 


amounts 
An interesting incidental observation was 
the fact that 


mucosal 


five patients responded to 


anesthesia with marked 


IMprove 
ment of bladder function, while pudendal 
nerve anesthesia had been inettective 


hour 


patients 


cervical, and one a lumbar 


lesion 


Kqually of interest was the observation 


that six 


patients, two of whom 


the 


were hot 


among above series, benefited per 


manently from mucosal anesthesia. Two 


patients had only one instillation; the rest 


had repeated anesthesias 


It is thought worth while to report on 
these six 


patients im more detail One pa 


tient with multiple sclerosis and a cervical 
neurological deficit, whose bladder funetion 
had pyclonephritu 
bout, responded well to repeated instillations 


Another had a 


regressed following a 


patient 


traumatic lumbar 


2 
_ 
‘ 
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his bladder had 
not regained reflex function in 11 months 


upper motor neuron lesion; 


but did so after a series of anesthesias 
\ third patient had a lumbar mixed lesion; 


had 


extremities and the detrusor 


although he a flaceid paralysis of the 


lower muscle, 
he had an upper motor neuron lesion of the 
pelvic floor musculature, as demonstrated by 
a bulbocavernosus reflex. His bladder emp 
tied by strain, following a series of anesthe 


sha \ had a 


incomplete cervical lesion, but his 


traumat 
bladder 


function in 29 


fourth patient 


had not resumed satisfactory 


months: it did so after a series of tetracaine 


instillations. A fifth patient had a traumats 
acral incomplete upper motor neuron lesion, 
which did not prevent him from walking but 
mterfered with his bladder function; follow 
mya prurcle ndal nerve am sthesia, the bladder 
three months and 


funetion was good for 


thereafter regressed spontaneously without 


known cause: one imstillation of tetracaime 
restored the function.+ The sixth patient had 
1 congenital partial aplasia of the sacrum, a 
Haceid bladder, but spastic pelvie floor mus 
although he did not respond to 


blocks, he 


function after 


culature 
pudendal gained 


blade 


atistactory 


one tetracaine trial 


Suppression of the Detrusor Response to 
Ice Water Stimulation, by Vesical 
Mucosal Anesthesia 


Phe mstillation of ice water (1-2 07.) was 


found to be a strong stimulus in patients 


with upper motor neuron lesions. In addi 
tion to the 22 patients described below, 15 
patients with upper motor neuron lesions 


have shown the same detrusor 
to the stimulus of ice The 
instilled through a No. 20 


whistle tip catheter, which was immediately 


consistently 
response water 
we Water was 


removed It Was preceded, for COMparison, 


by a trial of the same amount of saline 
\fter anesthesia with tetracaine, ice water 
stimulation was repeated In every case, 


whether the testing fluid was spontaneously 
expelled or not, a test of residual urine by 
catheterization preceded the next trial 


+ This patient was seen through the courtesy of 


Dr Stewart, Los Angeles 
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The effect of ice water (and saline) 
stimulation was tested in a group of 22 
patients; 12 of these had upper motor neuron 
lesions (6 complete and 2 incomplete 


cervical, 4 complete thoracic ) 
had 
lower, and somatically upper, motor neuron 
had 


six had thoracic levels, 


lwo patients 


“mixed” lesiens at L-1 (autonomically 


lesions). tight patients lower motor 


neuron lesions; and 


two had lumbar levels. 


Ice water stimulation was followed by 


detrusor contraction, with ejection of the 


instilled fluid immediately or within a few 


seconds. In some cases it Was impossible to 


instill the second ounce of ice water because 


of the powerful detrusor contraction, which 


expelled the catheter with the contents of 
the bladder None of the cases with a 
“mixed” or with a lower motor neuron 


lesion (i.e. 10 patients ) expelled ce Wate! 


Only in two cases was saline partly ex 
pelled prior to the ice water. One of these 
had a cervical, the other a thoracie, upper 


motor neuron lesion 
In the 12 patients with upper motor neu 
ron lesions, mucosal anesthesia abolished the 


effect of ice water stimulation in &, but 


not in 4, even if urethral mucosal anesthesia 
was added. Two of these four did not toler 


ate the instillation of tetracaine, and one 


ejected even the catheter Hlowever, when 
one of the four was tested again with ice wa 
ter stimulation during spinal anesthesia, the 
ice Water effect was promptly abolished. In 
rare instances, an erection following anesthe 
sia temporarily interfered with the ejection 
of ice water. It is noteworthy that in all four 
patients Whose detrusor response to ice 
water was not inhibited by tetracaine, LMG 
activity of the either 


sphincter ani was 


diminished or abolished, In confirmation of 
previous experience during cystometry, con 
traction of the tunica dartos and retraction 
of the penis signalized micturition in some 
CAaSCS 


Comment 


The bladder, like any hollow viscus, is 
endowed with visceresthesia. Receptors are 
contained in the mucosa and muscularis. For 
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the sake of simplicity, and in line with 
general neurological nomenclature, we pro 
pose that responses resulting from mucosal 
stimulation be termed “exteroceptive,” and 


those from muscular stimulation, “proprio 


ceptive.”” 

\n exteroceptive viscerosomatic or Vis 
cerovisceral reflex pattern has not been 
described for the bladder. To our knowl 
edge, the only reports ot exteroceptive 


viscerosomatic reflexes refer to the stom 


ach,!* and those of an exteroceptive viscero 
visceral reflex pertain to the gastrointestinal 
tract.!* 

clinicians 


Yet it is. well that 


inflammation of the vesical mucosa can, de 


know by 


pending on its intensity, lead to frequency 
and stranguria. Frequency represents a fa 
cilitation of the detrusor muscle alone, while 
stranguria is caused by extension of facilita 
tion to the striated pelvic floor musculature. 

In order to avoid introducing a new and 


unfamiliar term, we have deliberately re 


tained the name “bulbocavernosus reflex” 
in referring to responses of the striated 
pelvic musculature, as represented by the 


We are 
these responses can be elicited by a multi 
tude of 


anal sphincter. fully aware that 


stimuli, to the vesical or urethral 
mucosa, to the penile skin, to the corpora 
cavernosa and corpus spongiosum, and to 
the stretch receptors of the detrusor muscle. 

In the majority of cases, the resting LMG 
activity of the anal sphincter was abolished, 
or at least considerably diminished, by 
mucosal anesthesia. The responses to stim 
ulation of the glans penis were similarly 
decreased or abolished, but numerically less 
so than those resulting from pull on the 
Foley bag. The logical conclusion seems 
to be that there is facilitation which emanates 
from mucosal receptors to pelvic floor mus 
culature. The degree of this facilitation var 
ies from patient to patient. That silencing of 
mucosal receptors by anesthesia results im 
decrease or abolition of responses to Foley 
bag stimulation in a majority of instances 
since this stimulus 1s 


is not surprising, 


mediated largely through the same recep 
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tors. Furthermore, it appears that the very 


strong stimulus of mucosal suction 1s en- 
tirely confined to these receptors m= some 
What is fact that 


remote glans com 


cases. is the 


surprising 
even a stimulus, 1. 
pression, should be rendered impotent, al 
though in a smaller number of cases. This 
all seems to imply, then, that mucosal re 
the 
striated muscles of the pelvic floor in most 


ceptors are essential for tonicity of 
cases 

The mechanism of inhibition of IMG ac 
tivity of the anal sphincter is only partly 
understood, 1. One can explain inhibition 
when it is associated with reflex voiding, 
which also has been observed by others.’ 
the 


reciprocal relationship between detrusor and 


This is based simply upon known 


pelvic floor. Anesthesia removes the mucosal 
facilitation (by ice water) of the detrusor, 
and 


2. Unexplained remains the inhibition of the 


neither voiding nor inhibition results 
pelvic floor which is not associated with re 
flex still with 
Perhaps this could be 


voiding and diminishes 


mucosal anesthesia 
considered as a negative feed-back, such as 
modifies spinal reflexes in general. How 
ever, these experiments would have to be 
repeated with synchronous intravesical pres 
sure recordings; it is conceivable that this 
inhibition is also associated with a detrusor 
contraction, only of insufficient magnitude 
to result in actual retlex voiding 

The preponderance of summation of re 
sponses from stimuli of catheter pull over 
that of compression of the glans is in line 
with the summation which results from in 
stillation of saline, tetracaine, or ice water; 
all these summating stimuli are essentially 
mucosal in type, while those of the glans 
are not. Summation indicates the importance 
of mucosal receptors as sources of impulses 
which the spinal cord recruits into a facilita 
tory outflow for the maintenance of pelvic 
Such a the 


mucosal receptors is corroborated by the 


floor muscle 


tone role of 


depressing effect of mucosal anesthesia on 
Why an 


followed anesthesia 


the phenomenon of summation. 


increase Of summation 
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in two cases, and why summation remained 
unaltered in three cases, is conjectural 

While varieties of mucosal stimuli (saline, 
tetracaine, ice water) differ in their po 
tencies for eliciting a voiding spinal reflex 
contraction of the detrusor, their potencies 
are almost uniform in activating reflex 
contractions of the sphincter ani. This im 
plies that the two different reflex ares, 
namely, mucosa-sphincter ani and mucosa 
detrusor, operate at different thresholds; 1. e., 
the threshold of the sphineter are 1s lower 


than that of the detrusor are 

While, of the two exteroceptive reflexes, 
the mucosa-sphineter are is the more sensi 
tive, it is also found to be more sensitive 
than the proprioceptive destrusor-sphincter 
reflex ar detrusor 


ant Perhaps myotaty 


receptors are stimulated subliminally by 
even small amounts of instilled fluid, but the 
threshold of this 


inonstrable only after the overwhelming tor 


tru reflex becomes de 
rent of mucosal impulses has been eliminated 
by anesthesia, However, it should be empha 
that the thresholds of the 


mucosa-sphincter and detrusor-sphineter ares 


relative 
are dependent upon the pathophysiological 


condition of the entire viseus 


Cystometry, done in 19° patients, con 
firmed graphically the 122 bedside observa 
tions, Which have been reported under the 


Mucosal 


The increase of 


heading “Ieffeet of Anesthesia on 
ladder 


city in a majority under topical anesthesia 


lunction.” capa 
is interpreted as the effect of removal of 
activating impulses from the mucosa to the 
detrusor. An analogous dampening effect of 
topical anesthesia on the mucosa-sphincter 
am reflex are has just been discussed, These 
effects of both the 


detrusor and the mucosa-sphineter are may 


fetracame on mucosa 


explain the paradox of a newly acquired 
ability to urimate despite an mereased capac 
ity and a frequently decreased tone. Owing 
to the relaxed pelvic floor, voiding be 
comes possible, usually by abdominal strain 
and Credé pressure, but occasionally also 
by detrusor reflex; the latter is presumably 


due to the persistence of uninhibited waves, 


ARCHIVES OF 


NEUROLOGY AND PSYCHIATRY 
which, being of spinal origin, demonstrate 
that the reflex arcs are merely dampened 
and not abolished. Unexplained remains the 
other paradox of decreased bladder capacity 
(in some cases) 


after mucosal anesthesia: 


a similar condition was seen following 


pudendal nerve anesthesia,® which inter 
rupts the proprioceptive feed-back of an 
over facilitated pelvic floor with its inhibitory 
effect on the detrusor. 

Bedside 


provement of 


observations showed that im 


bladder 


least temporarily 


function occurs—at 
in half the patients. Per 
manent improvement, which permitted the 
removal of a catheter, was seen in six 
patients. In adding 15 patients, not reported 
(18%) of a 115 
established bladder 


function, or lost 


in this SETIECS, 21 total of 


patients satisfactory 


recovered it when it was 


by regression, not uncommon in traumatn 
paraplegia That the age of the cord lesion 
is not prohibitive to establishment of per 
manent function was demonstrated by a pa 
tient who became catheter-free by mucosal 


anesthesia 29 months after injury; this 


parallels experiences with pudendal anesthe 
two different 
volved in 


sia yet reflex ares are 


these two procedures, 

corroborated by the following observations 
In this series mucosal anesthesia has been 
effective in five cases in which pudendal 
nerve anesthesia failed. In another study, 
now in progress, the reverse was found. Fur 
thermore, there were still other cases which 
responded equally well to either of the two 
procedures. Thus it would appear as though 
delicate balance were present among the 
various conflicting pathways. In one group 
of cases, exteroceptive impulses; m a 
second group, proprioceptive impulses, and 
in a third group, both extero- and proprio 
ceptive impulses are responsible for 
the the spinal 


balance. One cannot predict a priort to which 


the 


shifting ‘of fulcrum of 


category the respective case will belong until 


the anesthetic procedures have been at 


tempted. 


Stimulation of mucosal afferents has 


been known to elicit pathological autonomi 
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FROM 


reflexes, part and parcel of which ts parox 
ysmal hypertension, in patients with high 
thoracic or cervical cord lesions. It has been 
reported, furthermore, that tetracaime anes 
thesia can partly quell these reflexes.” 
that ice water 

The fact that it 
is ineffective in patients with a lower motor 
bladder ditfer 


ential diagnostic tool; in this connection, if 


It Is not surprising pro 


duces strong responses 


neuron type of makes it a 
is of interest that two patients, not included 
in this series, failed to respond to ice water 
the 
Voiding after ice 


until spinal 
had abated 


stimulation can be explained in the following 


stimulation post-traumatn 


shock water! 
manner: lee water activates the two extero 
ceptive ares to detrusor and sphincter; the 
resulting contractions of these two muscles 
are reciprocally inhibitory through proprio 
the faet that 


with an upper motor neuron type of bladdet 


ception; vel voiding occurs 


means that the detrusor effect is the more 
potent To what extent a proprioceptive pos 
feed-back 
tributes to this potency remains conjectural. 


sal 


guish among the modalities of touch, pain, 


itive (detrusor-detrusor) con 


receptors are unable to distin 


thermic, and chemical stimulation; of these, 


touch and pain are nocent; the other two 


are perceived vaguely as referred segmental 
sensations via vasomotor reflexes, or as the 
desire to void caused by detrusor contrac 


Where 


ejected rarely, ice water was expelled in all 


tion saline and tetracaine were 


cases with upper motor neuron lesions, This 


effect could be suppressed by 


in & of the 


topical 
12 examinations, In 


the 


anesthesia 


the four remaining patients, failure of 


(even additional urethral) anesthesia must 


not be attributed to a direct chilling effect 


on the detrusor muscle; rather, one must 


assume a lowered myotatic reflex threshold, 


manifested by the fact that saline, tetracaine, 
even the catheter, ejected by a 


and were 


effect is a spinal retlex, and not a peripheral, 


hyperactive detrusor the ie water 
intramural one, was confirmed by the eth 


cacy of spinal anesthesia in one of these four 


cases 


Rors I inn 


SPINAI 


When topical mucosal anesthesia ts used 


ina hollow viscus, having absorptive proper 


ties, one may be tempted to attribute tts 


effect to (1) penetration into the submucosa 
and action on the submucosal nerve plexus 
and ganglion cells, and (2) to intravenous 


abse tion 


solution of O.25¢ tetracaine hydro 


chloride, as used in our experiments, is 


Lhe 
chloride content of the molecule ts neghyi 


hypotonic (isotonic is a 5¢¢ solution) 


ble, in regard to reabsorption as an electro 


lyte solution.!’ Therefore, the reabsorption 


rate of our tetracaine solution can be com 
pared with that of distilled or plain water,'® 
which ts slow, namely, 0.04 ce 
0.4 


of exposure ot 


per minute! 


per 10 minutes, 1e., the time 


the mucosa to the anestheti 


agent. Although “in rare instances ganglion 
cells singly, in pairs and in small clus 
ters,” were found by Swenson et al.’* in the 


superficial muscularis and submucosa, it ap 
pears at least unlikely, although theoretically 
at 


(contammg | 


conceivable, that an amount of 


0.250 tetracaine solution 


mg.), distributed over the entire submucosa 


of the bladder, would suffice to alter the 
function of the nerve elements of — the 
submucosa. On the other hand, sensory 


nerve fibers are reported to penetrate into 


the epithelium, “between the cells of which 


they form fre " 


end branchings which 


can readily come in contact with the anesthet 


agent 


By the same token, the amount of J 


of tetracaine hydrochloride would 


prob 


ably not act, by the intravenou 


route, on 
the detrusor and striated pelvic musculature 
Phe bottom four tracings of Figure 4 would 
of themselves suffice to refute any absorp 
tive theory of 


ellect 


tetracame action, because the 


Was complete within 15.6 econd 


following the instillation; if the reabsorption 
of water 1s 0.04 ce 


O.OL 


per minute, then only 
of volume could have been absorbed 
in one-quarter minute, namely, 25y of tetra 
caine. If still further refutation were needed, 
it is supplied by four cases in which tetra 


caine did not suppress detrusor contraction, 


35] 


a 
7) 
| 
: 
— 


SACRAL SPINAL REFLEXES FROM THE BLADDER 
TO DETRUSOR AND STRIATED MUSCLES OF THE PELVIC FLOOR 


MUCOSA 


STRIATED MUSCLES 


DETRUSOR MUSCLE PELVIC FLOOR 


seeecececoos AFFERENT FIBERS FROM VESICAL MUCOSA INHIBITORY NEURON 


MUSCLES OF THE PELVIC FLOOR 


FACILITATORY NEURON 


200 PROPRIOCEPTIVE AFFERENTS FROM DETRUSOR AND STRIATED 


hig. 6--This schematic diagram shows one-half of the gray matter of a sacral segment, 
with its afferent and efferent connections to the striated muscles of the pelvic floor, to the 
smooth bladder muscle, and to its mucosal lining. The circles embrace fibers coursing in the 
posterior root (left upper), anterior root (right upper), pelvic nerve (left lower), and puden 
dal nerve (right lower). The simplified nerve network shown in the diagram is based upon 
a combination of concepts, one of which is the currently accepted reciprocal, proprioceptive 
reflex pattern; and the other, the mucosal reflex pattern postulated on the basis of the present 
study. Afferent and efferent pathways contained in the sympathetics are not shown in the 


diagram 


SPINAI 


yet diminished or eliminated EMG activity 
of the anal sphincter. By the same token, 
there were two cases in which the reverse 
was true, namely, a nullification of detrusor 
activity without any effect on the sphincter 

In conclusion, our findings are condensed 
as a working hypothesis, subject to changes 
if new facts should be contributed, in the 
diagram of Figure 6. Some phenomena are 
better understood by directing attention to 
the center of the diagram and thence periph 
erally. Thus it is obvious ® that complete 
abolition of all incoming and outgoing im 
pulses, by means of spinal anesthesia, sub 
arachnoid alcohol block,?? sacral neurotomy, 
or sacral anterior and posterior rhizotomy,*! 
bladder 
eliminating the autocracy of the delicate bal 


Also, the 


effect of differential sacral neutrotomy can 


may improve cord function by 


ance in the sacral retlex centet 


be better « xplained as a reduction of mucosal 
afferent activating impulses which course 


along mixed nerves (pelvic nerves) and, 
therefore, cannot be interrupted individually 
by surgical means. The additional reduction 
of motor pathways to detrusor and pelvic 
floor by this procedure weakens propriocep 
tive positive feed-back as well 

If posterior rhizotomies are done at all 


levels 


(Scheibert’s monkey experiments deaf 


below cervical cord transection 
ferentiation has an etfect on the viscus sim 
ilar to that observed by Lassek ** on the 
extremity of monkeys. Motor paralysis re 
sults on a reflex basis. However, if only the 
posterior roots below T-10 are severed,” this 
result fails to materialize. This 1s undet 


standable, because the splanchnic 


upply 


(mucosal afferent and = smooth sphincter 
efferent) is not completely destroyed. The 
implied significance of the splanchnics ts not 
shown in the diagram because it deserves 


further investigation 

Motor paralysis of detrusor and pelvic 
floor by anterior rhizotomy is self-explana 
tory. 

Section of 


the pelvic nerves not only 


causes motor paralysis of the detrusor but 


REFLEX ACTIVITY FROM SPINAIT 


WVUCOSA 


interrupts also the proprioceptive and 


equally important, the exteroceptive  retlex 
arcs 

Obviously, interruption of the pudendal 
nerves has nothing to do with the mucosal 
reflex activity of the bladdet 

Based upon the above consideration 
study is now in progress to evaluate the 
merits of tetracaine anesthesia as a thera 
peutic tool in comparison with pudendal and 
sacral anesthesia. Pro 


differential nerve 


vided that no obstructive uropathy exists 


these three methods are tried, in the ordet 
mentioned, before surgical interventions are 
considered, be they nerve Mterruption ol 


transurethral resection of the vesical neel 


Summary 
evidence is pre sented which demonstrate 


bladder 


a receptor influencing variou 


the importance of the mucosa a 


pinal retlex 
ares paraplegr patients 
Of these 


directly 


reflex ares, the mucosa 


involved two: mucosa-detrusor 
and mucosa-pelvic floor 
feed-back 


involved indirectly inthe 


musculature; by 
mechanisms, it 1 believed to be 
following are 


detruso1 pelvir floor floor-detrusor 


pels 
detrusor-detrusor 


pel 
While we call the indirectly influenced ar 


floor pelvir floor 
proprioceptive, we call the directly activated 
ares exteroceptive 

The in have modulat 
ing effect not only Upon the Proprioceptryve 
ares but also upon themselyv« 


This modulation first beeame apparent 


when changes in the bulbocavernosus refles 


were achieved by tunulation or anesthesia 


“bulbo 


reflex as used here, embrace 


of mucosal afferent The term 
cavernosu 
all responses of the pelvic floor musculature 
which may be elicited by stimulation via the 
glans penis, the urethral and bladder mucosa 
and the detrusor. The influence of mucosal 
afferents on the detrusor was shown by 
stimulation before and after topical tetra 
caine (Pontocaine) application 

The threshold of the mucosa sphineter ani 
reflex are was lower than either that of the 


mucosa-detrusor are or that of the proprio 
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ceptive detrusor-sphincter ani are in regard 
to three stimuli (saline, tetracaine, ice water 
instillation ) 

lee water was found to be the most potent 
mucosal stimulus, but one effective exclu 
sively in patients with upper motor neuron 
lesions. It was ineffective in patients with 


lower motor neuron lesions and during 


spinal anesthesia or spinal shock, It 1s thus 
of differential diagnostic value 


bladder 


anesthesia in 


Pemporary improvement of 


function followed tetracaine 


one-half of the cases studied; permanent 
improvement resulted in a small number. 
Phe techniques used in this study con 
sisted of the 
sphincter, sphineterometry and cystometry 


of the 


electromyography of anal 
bladder, and bedside measurements 
of bladder capacity and residual urine 


The 


techniques are discussed, and a diagram is 


results obtained from these various 
presented which illustrates our present con 
cept of spinal bladder reflexes in paraplegic 
patients 


veterans’ Administration Hospital 


REFERENCES 


1. Denny-Brown, and Robertson, G.: On 


the Physiology of Miecturition, Brain 56:149-191, 
1933 

Newman, fonus of the Voluntary 
Anal and Urethral Sphineters, Arch. Neurol. & 
Psychiat. 61:445-448 (April) 1949 


$ Abramson, A. S, in 
\. A Pudendal Nerve im 
Bladder Disturbances, |. Nerv. & Ment 
(Tuly 1954 


and 


Weiss, 
Neurogen 
Dis. 120 


discussion on 


Role of 


\ug.) 
Franksson, 


myogeraplhin 


Petersen, | klectro 
Normal Human 
Bladder, Internal Urethral Sphincter and 
lreter, Acta physiol 106) 29 
150-156, 1953 
) Bors, | 
The 


raumatn 


Recording from the 
l'rinary 
scandinay. (Supp 
Comarr, A. and Moulton, S. H 

Nerve Blocks in 
Cord  Bladders Anesthesia, 
Alcohol Injections, Pudendal Nerve 
Anesthesia, and Vesical Neck Anesthesia, |. Urol 
64:053-066 (April) 1950 

6. Bors, E., paper read at the Transverse Mye 
litis Conference held at Hos 
pital, 9th Service Command, Department of the 


Role of Management of 
Spinal 


Subarachnoid 


Hammond General 


Army, Modesto, Calif., Tune 24-28, 1945 

7. Bors, E.: Sacral Neurotomy or Low Suba 
rachnoid Alcohol Block in) Autonomic Hyper 
reflexia, in discussion on Kurnick, N. Bo: Drug 


ARCHIVES 


OF NEU ROLOGS 


AND PSYCHIATR 


I herap ot 


Autonomic Hyperreflexia in Patients 
with Spinal Cord Lesions, read at the 3d 
Paraplegia Conference, Veterans’ 
Hospital, West Roxbury, Mass., 
8. Lapides, | 
authors, 1955 
9 sors, | 


Annual 
Administration 
Oct. 12-14, 1954 
Personal communication to the 
French, J. D 


Hypertension 


and Management 


of Paroxysmal Following Injuries 


to Cervieal and Upper Thoracic 


Segments ot the 


Spinal Cord, A.M.A Arch. Surg. 64:803-812 
(June) 1952 
10. Bors, k.; Ma, K. T., and Parker, Ro B 


Observations on Some Modalities of Bladder 


Set 


sation, | Urol., to be published 


ll. Lewis, L. G \ New Climeal Recording 


Cystometer, J. Urol. 41:638-645 (April) 1939 

12. Bors, A Simple Sphincterometer, | 
Urol. 60:287-289 ( Aug.) 1948 

13. Fulton, J. F Physiology of the Nervous 
System, London, Oxford University Press, 1955 


14. Alvarez, W. ¢ 
Enterology, New 
( Medical Book 
Brothers), 1941 

15. Carne, H. © 
1956 


An Introduction to Gastro 
York, Paul B 


Department of 


Hoeber, 
Harper & 

Personal communication to 

the authors, 


lo. Maluf, N. S. R \bsorption of Water 
Urea, Glucose and Electrolytes Through the 
Human Bladder, J. Urol. 69:396-406 (March 
1953 

17. Maluf, N.S. Ro: Further Studies on Absorp 


tion Through the Human Bladder, |. Urol. 73-830 
835 (May) 1955 
18. Swenson, ©.; MacMahon, H. F Jaques, 


W. E., and Campbell, J. S 
the Etiology ol Megaloureters, 
Med. 246:41-46 (Jan. 3) 1952 

19. Maximow, A. A., and Bloom, W \ 
book of Histology, hed 
Saunders Company, 1947 

20. Shelden, H. C., and Bors, F 
Alcohol Block in Paraplegia 
om Mass Reflexes and Bladder Dysfunction, | 
Neurosurg. 5:385-391 (July) 1948 

21. Meirowsky, A. M., Scheibert, C. D, 
Hinchey, T. R.: Studies on the sacral reflex are in 
paraplegia the bladder to surgical 
elimination of sacral nerve impulses by rhizotomy 


\ New 
New 


Concept ot 
England J 


lext 


Philadelphia, W. B 
Subarachnoid 


Its Beneficial Effect 


and 


response ot 


|. Neurosurg. 7:33-43 (Jan.) 1950 
22. Scheibert, C. D., and Meirowsky, A. M 
Studies on the Reflex Arc in Paraplegia: IV 


Production of Bladder Automaticity in Quadri 
plegic Macacus Rhesus Monkeys, Forum (1951), 
pp. 363-369, 1952 

23. Lassek, A. M Isolated Brachial 
Dorsal Roots in Controlling Muscular Physiology, 
Neurology 3:53-57 (Jan.) 1953 

24. Bors, E 
Administration 
ington, 


Potency of 


Spinal Cord Injuries, Veterans’ 
Technical Bulletin 10-503, Wash 
Dec. 15, 1948 


Vasocardiac Effects of the Circle of Willis 


J. LAWRENCE POOL, M.D., New York 


Under a combination of critical and evi 


dently fortuitous conditions of relatively 
light anesthesia, low body temperature, and 
local vascular pathology, surgical manipula 
tion of an intracranial aneurysm or adjacent 
segments of the circle of Willis *! (hig. 1) 
nm five successive cases repeatedly resulted 
in serious, although transitory, alterations 
rhythm 


in cardiae rate o1 


hig ] The circle ot 
the 1676 edition of 
S. de Tournes, 


Willis, as 


“Opera omnia 


delineated im 
published by 


(reneva 


While brief runs of bradyeardia or tachy 
cardia and cardiac arrhythmias occasionally 


vecurred in these five patients spontane 


ously, more frequently they resulted from 
certain such as 


maneuvers, shifting the 
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position of the head, dissecting the carotid 
bifureation in the neck, or opening the dura 
and, most consistently, from manipulation 
of the aneurysmal sac or adjacent segments 
of the circle of Willis during their expo 
sure 
Since these tive cases were the first in 
which my colleagues and | used hypothes 
mia, a relatively light plane of anesthesia 
that 


time a deeper plane of anesthesia in’ con 


Was purposely maintained because at 
junction with hypothermia was considered 
hazardous. In two of these five cases, how 
ever, additional thiopental (Pentothal) so 
dium was given, which prevented) further 
KG changes from any form of stimulus 
In five patients subsequently operated upon 


for intracranial 


aneurysm under simular 


conditions of hypothermia, but with a 
dee pel plane ot thiopental sodium anesthesia 
throughout, no changes occurred at 
any time during craniotomy 


of the circle of Willis ¢ Table 1) 


( ardiac 


eCXposure 


arrhythmias 


were characterized 


on some occasions by the onset of brady 


cardia at a rate of 20 to 60 per minute 


accompamied by frequent extrasystoles, ot 
100 


to 130 per minute with accentuation of the 


by lower nodal tachyeardia at a rate of 


wave, depression of the S-] segment, 


sUugpesting a 
Whilk at drop inh blood pres 


and absence of the P WAVE, 


nodal rhythm 
sure sometimes comeided with such cardiac 


arrhythmias in three of these five cases, in 


two others there was no associated altera 


tion of the blood pressure 


Without hypothermia minimal but defi 


nite cardiac effects were induced by manipu 


lation of segments of the circle of 


Willis 
in only 3 of 11 additional patients so tested, 
10 having been operated upon under gen 


eral, and 1 with local, anesthesia Of these 


ai 

~ 

Vien 

- 
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Alterations of Cardiac Rat 


No. of 
Cases 
Tested 


Hypothermia 
Aneurysm 
Light anesthesia 
Deep anesthesia 
AV malformation, parietal 


vormothermisa 
Local anesthesia 
ubtemporal exposure 
General anesthesia 
4ubfrontal & subtemporal 
exposures 


* Postural changes (three cases 
Case but not necessarily the 
t di 


dissection of carotid in neck 
three 
three cases), retraction of brain 


ection four cas 


1] patients, 3 were 


but 


operated upon for an 


aneurysm, cardiac changes of minor 


induced by disseetion of the 


Willis 


ol aneurysm 


degre Were 


circle of in only | of these 


With general ane thesia and normal body 


lemperature the monitoring electrocardio 


seldom revealed changes in 


the the 


vrai 


the rate or rhythm of heart as 


result of other surgical maneuvers common 


ly used during intracramial operations, al 


though cardta lowing was generally 


mduced on retraction of the brain, especially 


when portions of the limbic system were 


retracted, such as the medial temporal,'? pos 


terior subfrontal, or anterior cingulate 
the 


bradyeardia 


cortex Manipulation of 
(IN) 


al 


glosso 


pharyngeal and vagus nerves 


intracramially resulted in 


(three of four cases) 


the 


the trigeminal nerve, o1 


Manipulation 


traction applied to dura mater, the 


postertor root of 
(as stated above) segments of the circle of 
Willis occasionally yave 


such as 


rise to minor cat 
the IP 


the 


diac changes, distortion of 
alterations m 


beats, 


wave, an extrasystole, or 


cardiac rate for three to four usually 


in the direction of slowing. Painful stimuh 
or blood loss as a rule resulted in tachy 
cardia 

In no case, regardless of body tempera 
ture or the type and level of anesthesia, 
were EKG changes induced by manipula 
tion or dissection of surface vessels of the 
(16 cranial 


IV, VI, VII, and XI, in 


cortex cases) or of 


cerebral 
nerves II, 
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spontaneous 


three cases 


, and hypothalamu 
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or Rhythm During Intracranial Surgery 


On Dissecting 
Circh of 
Willis 


On Dissecting 
Cortical 
Vessels 


On Procedural 
Maneuvers* 


dural dissection (three case of brain (three 


(LWo case 


cluding effective electrical stimulation of the 


last-mentioned two nerves ( Table 2) 


Lon al 


proximal o1 


Willis, 


aneurysin, 


Vasospasin of the circle of 


distal to the Was 
observed on arteriography, as well as at 
operation, in all but one case in which recent 
subarachnoid bleeding had occurred. Such 
often relieved 


the 


local VasOspastl Was (see 


“Comment™) as soon as neck of the 


aneurysm had been occluded by silver clips 


In three cases without an aneurysm tem 


porary local vasospasm of a major basal 


cerebral artery was induced by surgical 


manipulation involving the circle of Willis 

The nature and potential significance of 
these cardiac and vasomotor phenomena will 
be discussed in the light of abnormal sys 
local factors 


temic and 


related to then 


occurrence 


Material 


\s indicated 


ried out on 30 case 


lable 2, these stud 
having a Variel 
including 13 cases of intracranial aneurysm, 
involved the 


10 the 


which anterior communicating artery 


carotid at junction Of the 
artery In all 
had oe 


surgery. In 11 cases 


and internal 


posterior these 13 


three to 


communicating 


cases intracranial bleeding urred 


ix weeks prior to operation 


was performed under hypothermia ; 10 had 


aneurysms and 1 an arteriovenous (AV) malforma 


tion of the right parietal lobe. In 1] 


other 


cases 
at normal body 


of Wallis 


general 


the circle 
10 under 


anesthesia 


temperature portions 
eflects, 


with local 


tested for 
and ] 


aneurysms of the 


were 
anesthesia 


hight internal carotid artery 


were operated upon under hypothermia and two at 


normal body temperature. Two aneurysms of the 
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ASOCARDIAC EFILLCTS OF CIRCLE 


anterior communicating artery were operated on 


under hypothermia and one under general anes 


thesia at normal hody temperature, the latter being 


included under “miscellaneous” cases in Table 2 


Methods 


A. Anesthesia.— Atter 
peridine (Demerol) hydrochloride 75-100 mg. (h)* 
(h local 


hydro 


premedication with me 


and scopolamine hydrobromide 0.4 mg 


infiltration of the scalp with 1% procaine 


chloride was used in all cases. General anesthesia 


onsisted of intravenous thiopental sodium and 


intratracheal nitrous oxide-oxygen administration 


In most hypothermic cases a Jefferson automatu 


respirator Was used 


The plane of anesthesia was purposely kept light 


in the first five hypothermic « (the only ones 


in which cardiac arrhythmias were precipitated) 
because at that time a deep plane of anesthesia 


was feared in conjunction with hypothermia. A 


light plane of anesthesia was indicated by motion 
on painful stimuli, by episodic shivering, and by 


(EEG) Witl 


deeper anesthesia no shivering, motion, or cardia 


the electroencephalographi pattern 


irregularities occurred. In two of the five cases 


in which cardiac arrhythmias were precipitated by 


aneurysmal dissection, the arrhythmias were 


stopped and no further cardiac irregularities 0 


evoked 


idditional thiopental 


curred or were after administration of 
sodium to deepen the plane 
of anesthesia 

Efforts were made to avoid hypoxia and metab 
olic acidosis by adequate ventilation. Studies of the 
blood chemistry, including CQO, levels, during some 
of these procedures will be reported separately by 
Dr. Dunean A. Holaday, 


anesthesiology, Columbia 


assistant protessor ot 


University College of 
Physicians and Surgeons 


B. Hypothermia 


eral anesthesia, cooling was accomplished by plac 


After the induction of gen 


4 


ing the patient on a Thermo-Rite + mattress and 


packing the body with ice cubes. When a tem 
perature of 30 C was reached, the ice was re 
moved. Chlorpromazine, 50-60 mg., was used in 
the first three cases, in divided doses of 10 mg 
Jody temperatures were measured by an intra 
gastric Thermistor { attached to an electrical in 
dicating system. The lowest temperature during 
surgery was 27.2 C, the highest 29.2 C, and the 
werage 28.4 C 


C. Electrocardiogram.—A cardiotachiscope § was 


constantly used throughout all of the hypothermi 


* (h) —hypodermically 
+ Air Shields, In Model 
+ Thermo-Rite Products Co., 


GH, Hatboro, Pa. 
Buffalo 

t Tele-Thermometer, Yellow Springs Co, Yel 
low Springs, Ohio 


§ Instrument Laboratories, New York 


Pool 


WILLIS 


and some of the other procedures. In addition, a 


standard recording EKG apparatus was used im al 


but the first two hypothermic cases 


rhe immediate preoperative physical and EKG 
evaluation of cardiac funetion proved normal in 
all but one case. In this case the FAG showed 


occasional extrasystoles prior to and during, but 


ligation of an internal caro 
\nother 
had 


intracramal 


not after, successful 


tid aneurysm who 


died 


spontaneous 


patient, eventually 
EKG changes 


hemorrhage a 


(“Comment”), following 


week oF 


more before and again after, but not immediate! 


before or after, operation. This was the only case 


in which the aneurysm had to be packed wat! 


muscle 
was characterized either by 
as 20, 40 


frequent 


Cardiac arrhythmia 


the onset of bradycardia at rates as low 


or 60 per minute accompanied by extra 


systoles, or by lower nodal tachycardia at rates 


of 100 to 130 per minute with accentuation of the 
T wave, depression of the S-T segment, and 
absence of the P? wave, suggesting a nodal rhythm 


D. Blood blood 


readings hypothermia in 


Pressure.—Constant pressure 


were during two 


Lally In all 


other cases standard mercury manometer readings 


made 


cases by means of a Capacitometer 


were obtained every 60 > seconds In three cases 


cardiac arrhythmias were usually associated with 


a blood pressure fall, but in two other cases, in 
Lally 


used, the blood pressure was generally unchanged 


cluding one in which the manometer was 
during periods of arrhythmia and alterations of the 
heart rate 

lhe 


Willis were treated in 


/ Surquwal Maneuvers arteries of the 


circle of a similar fashion 


in each case, 1. e&, arachnoidal adhesions and old 


blood clot were gently peeled off the vessels, while 


in some instances gentle traction, displacement, 
or pinching of the vessels without occlusion was 
carried out during their dissection. In the five 


hypothermic cases subject to arrhythmias, even a 
light touch applied to the taut aneurysm sac wa 
frequently capable of precipitating bradycardia or 


an alarming cardiac arrhythmia 


The cranial nerves tested were likewise subjected 
during their dissection to traction or gentle pressure, 
while cranial nerve VII was stimulated electrically 
with sufficient current to produce facial contractions 
four 


well as after removal of 


| able 2) 


before as acoustt 


neurinomas 


Report of Sample Case 


Case 2.—Woman, age 23. Aneurysm, saccular, 
internal carotid artery (Fig. 2) Subarachnoid 
hemorrhage six weeks prior to admission. Clip 

Lilly Capacitometer, Model 115A1, Technitrol 
Engineering Co, Ine 3212 Market St., Phila 


delphia 


= 
$57 


Taare 2 


No. of 
Cases 
Tested 


Hypothermia 


General anesthesia (carotid aneurysms 
Normothermia 

General anesthesia (miscellaneous 

General anesthesia (acoustic neurinoma 4 


General anesthesia (tle douloureux ‘4 
ubtemporal i 


Local anesthesia 


occlusion of aneurysm under general anesthesia 
and hypothermia 
Preoperative EKG.—Normal. Heart rate 70 a 


P-R interval 0.18% second 
(Nov 15, 1954) Under 


minute 


Operation conditions 


of relatively light general anesthesia and hypo 
thermia as described, the carotid arteries were 
olated in the neck and ligatures passed loosely 


beneath them Femporal craniotomy revealed 
noderately increased intracranial pressure, requir 
inw resection of part of the middle and interior 


temporal gyri in order to expose the site of the 
bram retraction The 


then 


aneurysm without undue 


arge saccular aneurysm wa dissected free 


en orgamzed blood clot, the adherent oculomotor 


erve, and the free margin of the tentorium The 
neck of the aneurysm was then successfully oc 
luded with aneurysm clips (hig. 3) 

Cardivva cular Change During Procedure 


After 


am 


induction of anesthesia, we 
At 12:30 pom 
coincided with dissection about the carotid biturea 


80/70; 


was applied at 
brief cardiac arrhythmia 


tion in the neck: temperature 27.6 C; BOP 


pulse 60 a minute A postural change, consisting of 
elevation of the head at 1:00 p.m, led to cardiac 
slowmg to 50 a 


steady of 


irrhythmia and minute for mine 


ninutes, with a At 


right 
junction 


Fig. 2 (Case 2) \neurysm ot 


ommunicating artery at carotid 


posterior 
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Number of Causes Showing Cardiac Changes on Testing 


Cranial 


wt iv VI. V 


Nerves 


(Dura) VIL VIILIX-X XI 


0 0 0 

0 0 0 0 2 
0 0 0 

2 

0 0 0 
7 0 3 0 


p.m, dural opening again led to the 


80/62; 


same type 
27.3 ¢ 
Traction on the dural flap five minutes later, how 

EKG changes. On resec 
tissue, at 1:45 p.m, 


of eardiac arrhythmia: B. P 


ever, induced no further 


tion of temporal lobe with 
some blood loss, the 


from 50 to 100 a 


pulse rate abruptly increased 


minute, with a brief drop in 


blood pressure 

Lower nodal tachycardia, with spreading of the 
ORS complex, or ventricular tachycardia (Fig. 4), 
occurred upon dissection of the aneurysm, at 1:52 
p.m On exposure ot the neck of the aneurysm, 
at 2:10 rate fell 
108 to 48 a 


Ten minutes later the pulse rate 


the pulse abruptly from 
B.P. of 90/60 


was SO a minute 


minute, at a steady 


When further dissection of the aneurysmal sac 
was cautiously and gently pursued from 2:30 to 
3:00 p.m. the pulse fell from 80 to 48% a minute 
as in a similar case (Fig. 5). After intravenous 
administration of 2.0 cc. of thiopental sodium, at 


3:00 m., 
no further 


normal sinus rhythm was restored, and 


cardiac irregularities occurred 


Cardiae arrhythmia occurred briefly on 


dissection of the carotid artery in the neck, 
on a postural change of the head, on open 
ing the dura, and on dissection of the aneu 


rysm and adjacent vessels. Abrupt brief 


hig. 3 (Case 2).—-Operative photograph ot 
aneurysm occluded by four silver clips. 4 indicates 
clipped aneurysm; #, brain; C, site of clot; 7, 


tentorium, and //7, third nerve 
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Fig. 4 (Case 2).—Cardiac arrhythmia 


bradycardia occurred on exposing the aneu 
rysmal neck, as it had during its dissection. 
After additional, deeper anesthesia normal 
sinus rhythm was restored and maintained. 

In summary, a variety of stimuli, includ 
ing those affecting the aneurysm and adja 
cent portions of the circle of Willis, altered 
the rate or rhythm of the heart in this case, 


as in four similar cases of this series 


Comment 


Alterations cardiac rate or rhythm 
may result from a variety of neurogeni 
both 


including stimuli apphed during 


stimul, central and 


4.10 


peripheral in 
origin, 
arteries of the 

little 


surgery to major body 


HHowever, there ts evidence that 


Before manipulation of aneurysm 


Lower nodal or ventricular tachycardia with altera 
tions of ORS complex occurring upon dissection of aneurysm of circle of Willis 


Hypothermia 


mechanical stimuli applied to the basal 


cerebral arteries may also alter cardiac 


activity, The object of this communica 


that 
the circle 


tion, therefore, is to indicate undet 
certain circumstances arteries of 
of Willis may react in much the same man 
ner as do major arteries elsewhere in the 
body, both as to remote (cardiac) and to 
local ( vasospastic ) retlex responses, 

In line with the first part of this concept 
Is case Levine,** in’ which 


cited by 
“changes in the RS-T segment, as well as in 


the T wave [might] develop for reasons 


not entirely clear at this time, associa 


tion with disease of the central 


nervous 
system, [leading to| the diagnosis of myo 
Postmortem exan 


cardial infaretion 


pulse 8O 


2 


ase 3) 
infernal 


Bradycardia, 


aneuryvsn irotid artery, 


trom a rate 
with no alteration 


of 30 to 48 a minute dissection of 


Hypothermia 


, on wentle 
oft blood pressure 


During manipulation pulse 48 ex 
Pool isu 


A 


mation 
the 


showed a ruptured aneurysm of 


Willis 


examination no 


circle of 


but on meticulous 


evidence of 
myocardial infaretion or of pericarditis.” 
Another neurosurgeon,”” moreover, has re 
cently informed me of a case in which fatal 


ventricular the 


moment of dissecting (without rupturing ) 


fibrillation was initiated at 
an intracranial carotid aneurysm under hy 


pothermia 
In our cases of preoperative myocardial 
blood the 


actual degree of hypothermia were appar 
ently not 


damage, pressure changes and 


significant factors related to the 


onset of cardiac arrhythmia 
all but 


lor example, 


one of our patients had a normal 


KG immediately before operation In two 
cases, moreover, the blood pressure was not 
altered during episodes of bradyeardia ot 
cardiac arrhythmia, and, finally, there was 
no correlation between registered body tem 


peratures and the 


occurrence or character 


of induced cardiac irregularities 


It therefore appeared that other factors 
must be considered, such as two general, or 
systemic, factors which evidently rendered 
the heart unusually sensitive to extraneous 
stimuli in the first 
(1) 
a relatively light plane of anes 
Supporting this thesis are the pro 


cardia 


five cases of aneurysm, 


namely, hypothermia, im conjunction 


with (2) 
thesia 


nounced arrhythmias, similar to 


those observed in our five cases, which also 
occurred under hypothermia and _ relatively 
light anesthesia, indicated by shivering, dur 
ing the intracranial operations so carefully 
studied by Lougheed et al.** 


While cardiac activity may be altered by 


toxic or metabolic effects of anesthetic 


agents,'° 


including metabolic 


acidosis, an 
insufficient depth of anesthesia may also 
lead to cardiac irregularities, as the result 
of imadequate nerve or synaptic blocking, 
which fails to protect the heart during sur 
gery from impulses reaching it from nerves, 
Visceera, Of 


that 


major blood vessels. It now 


appears stimulation of cerebral 


arteries may also initiate abnormal cardiac 


basal 


effects if anesthetic blocking is inadequate, 
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NEUROLOGY AND PSYCHIATR) 
especially when the heart 1s already rendered 
abnormally sensitive to extraneous stimuli 
as the result of hypothermia. 

Adequate anesthesia may be provided by 
a “general,” anesthetic 


diffusely acting 


agent, such as thiopental sodium, or by 
drugs, such as chlorpromazine or trimetha 
phan camphorsulfonate (Arfonad), having 
a more specific blocking action on certain 
parts of the nervous system, such as central 
or peripheral components of the sympa 
thetic system, respectively 

Progressive body cooling, moreover, may 
lead not only to progressive cardiac slowing 
but also to severe spontaneous 7? or readily 


induced cardiac irregularities.*” Such effects 


have been attributed to the direct influence 
of cooling upon the heart ® and to other 
effects of cooling, such as increased neural 
increased — reflex 


activity and 


discharge 
within the spinal cord,** enhaneed synapti 
transmission, and release of epinephrine?! 
Any or all of these effects, in other words, 
contribute to abnormal cardiac 


may action 


in cases of hypothermia 


A local factor to be considered with re 


gard to the cardiac readily 
evoked from manipulations of the cirele of 


Willis in the first 


the possibility that local perivascular extra 


changes so 


five aneurysm cases 1s 


vasation of blood from the recently rup 


tured aneurysm has led to a state of unusual 


local vascular irritability. This possibility 


is suggested by the ease with which cardiac 


effects followed even minimal mechanical 


stimulation of arteries so affected, and the 


fact that local or segmental vasospasm is 


so often associated with a recently ruptured 


aneurysm.'* 18,35 


Such arterial narrowing of the type illus 
trated in Figure 6 is probably often cor 


rectly considered to represent state of 


vasospasm, rather than a mechanical “de 


pulsator effect” of the aneurysm,’ since the 


reduction of arterial caliber 1s usually 


present for only a few weeks after recent 
bleeding, when the narrowing or spasm 
generally disappears, even though the aneu 


More 


rysmal sac is still present and open 
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CIRCLE 


associated with recent 


\ asospasm 
(left) 


hig. 6 
carotid artery 
and anterior 


Note marked vasospasm of irregular character affecting the 
cerebral arteries ind absence ot spasm on the Opposite 


WILLIS 


the imternal 
left muacd«dle 
earl and 


bleeding from an aneurysm of 


side { Rk), witl 


ampler filling of the right anterior and middle cerebral arteries 


the cases in this series in which 


of the 


demonstrated, 


over, m 


narrowing internal carotid artery 


was and regardless of 
whether the narrowing was proximal ot 
distal to the aneurysm, the narrowed lumen 
usually resumed its full, and apparently 
normal, caliber after the aneurysmal neck 
was ligated 


While these 


entirely rule out a depulsator effect, it was 


observations alone do not 


felt that any such purely mechanical effect 


of an aneurysm can be excluded because 


narrowing of the carotid lumen has been 


seen to persist during temporary trapping 
of a and the adjacent 


Not 
until the neck of the now partly collapsed 


carotid aneurysm 


narrowed portion of the carotid artery 


aneurysm Was occluded by a permanent chip 
did the narrowed carotid artery assume 4a 
larger, and apparently normal, size It 
seems probable, therefore, that clip oblitera 
of ruptured aneurysm re 


lon al 


to maintain adjacent arterial segments in a 


tion a recently 


moves a source of irritation serving 


state of vasospasn 


While the mechanism of this phenomenon 


is a matter of speculation, it can be assumed 


the ot 


within and around the walls of an aneurysm 


that presence recent hemorrhage 
(big 7) May render its imtrinsic nerves 


musculature hyperirritable, a state which, 
in turn, may spread along local ramuifiea 
tions of these vasomotor nerves OF MuUs¢ les 
in a manner that depends on the extent ot 
factors of individual 


With 


such a theory, experimental data indicate 


local pathology and 


vasomotor suspectibility regard to 
that chemical, mechanical, or electri ally in 
duced stimuli 
diffuse 
though 


Such 


may result in segmental or 


narrowing of cerebral 18,20 


effects 


arteries, 
be 
findings 


even these may mcon 


stant experimental thus 


substantiate clinical observations 


that 


tend to 


segmental 2.14.35 


indicating vasospasm, 
perhaps influenced by individual variations 
1,89,42 affect” the 


In this regard, it 


in vascular response, may 
cerebral arteries m man 
may also be noted that major basal cerebral 
arteries react to mechanical stimuli at 


lon al 


operation by prompt vasospasm, as 


by 
= 
3 
Pool 


arteries elsewhere in the body. An 
example of this is our first case, in which 
manipulation of the posterior communicat 
ing and internal carotid 


arteries, prepara 


tory to wrapping a junctional aneurysm 


with a Vinyon® strip, caused these arteries 
to become visibly contracted until comple 
tion of the procedure 

It has been suggested that cerebral or 
peripheral arteries already rendered abnor 
mal by local or systemic disease may there 
by become unusually susceptible to added 
Moreover, cerebral arteriog 
raphy may lead to temporary hemiplegia,®’ 
apparently due to vasospasm, as judged by 
such 


a lower ineidence of 


complications 
when general anesthesia or a local peri 


block 1s 


too, despite considerable contro 


carotid procaine used.'* is 


evident, 
versy,'* 784? that stellate ganglion block or 
stellectomy sometimes improves the cerebral 
blood flow 


attributed 


sometimes relieves hemiplegia 


to cerebral vasospasm and may 
abolish responses of the cerebral circulation 
to extraneous stimuli? 

Altogether, these data and the case stud 
(1) that 


arteries m man 


es reported sugyest the major 


basal cerebral may react 
ina similar fashion as peripheral arteries 
elsewhere in the body; that 


vasospasm is a real phenomenon; (3) that 


(2) cerebral 


cerebral arterial vasospasm may occur as 


the result of an acute pathological process 


2 
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hig 7 Vhotomicre 
graph of ruptured 
aneurysm of posterior 
communicating arter \ 
showing hemorrhage(//) 
within wall of aneurysm 
(extreme right ) and 
stretched thin-walled sa 
\V, normal artery at left 


affecting that artery, and (4) that cerebral 
arteries affected by an acute abnormal path 
ological process, such as perivascular hem 
orrhage, may thereby become locally 
hyperirritable, and thus unusually prone to 
local, and sometimes remote, vasospasm and 
unusually sensitive to the effects of addi 
tional insult. 
Innervation of Cerebral Arteries.—Con 
sideration of the innervation of the cerebral 
arteries is pertinent to this discussion, since 
it is possible that cerebral vasospasm 1s not 
arterial 


solely due to contraction of con 


strictor muscles but may be initiated, or 


at least propagated, by the nerve supply of 
the affected vessels 

Data on human and animal material indi 
cate that the vessels of the circle of Wilhis 
are innervated by a continuation of the 
cervical sympathetic system by way of the 
internal carotid artery and cavernous plexus 
and by posterior connections with cervical 
sympathetic elements coursing along the 
vertebral and basilar 
Nerve branches are also said to join the 
intracranial portion of the carotid system 
via the greater superficial petrosal nerve," 
the caroticotympanic plexus,** and cranial 
‘While 


also attributed to 
other cranial nerves, the work of Ray and 


nerves IX and vasomotor 


nerve twigs have been 
Wolff ** and the observations of this series 


of cases tend to minimize their significance. 
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14).—Trigeminal 
inesthesia without hypothermia 


hig. 8 


Creneral 


root 


Ray and Wolft ** believe that the sensory 


innervation of the major cerebral arteries 


is essentially as follows: infratentorially, 


IX X the 


upper two cervical sensory roots, and supra 


from and 


cranial nerves and 
tentorially, from the first division of the 
The latter sub 


stantiated by the frequency of pain referred 


trigeminal nerve view Is 
to the ipsilateral eye and side of the fore 
head the of of 


the carotid or posterior communicating ar 


in presence an aneurysm 


traction 


| 
1 


bradycardia (middle strip) during traction 


tery, and by the fact that pam referred to 
this region was induced in the case of psy 
chomotor epilepsy (of this series) by trac 
tion on the posterior communicating artery 
In this case gentle traction on this artery 
resulted bradyeardia, whereas firmer 
traction, sufficient to induce nuld pam about 
the eye, resulted in tachycardia 

The fact that bradyeardia resulted from 
surgical manipulation of affected parts of 


the circle of Willis, as well as ot the trigem 


General anesthesia 


Bradyecardia 


nerves and 


(le 


wer strip) on gentle pressure upon cranial 
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Ant cormmuni 
cating A 


Ant choroid A 


Ant cerebral A | { 


Int carotid A 


Post comruni Inigerninal N 


cating A 


Post cerebral A 


Gir sup 
pet N 


Sup cerebellarA 


Basilor A 


/ 
From cervical 
ympathetic trura 


erteby 


10 the circle of Willis and 


(schematic ) 


Innervation of 


rier 
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inal &) and 


the 


or 
(big 
major basal cerebral arteries may be inner 


(big 
nerves 


glossopharyngeal 


vagus 9) that 


suggests 
vated (a) im part by cramial nerves |X and 
\ or (hb) by trigeminal fibers which relay 
impulses to the nuclei of cranial 
IX and X, 
is not unreasonable to implheate 


since carotid 


nerves 
retlex. It 
IX 
ettects 


as in the oculocardiac 
nerve 


as well as in relation to cardia 


and glossopharyngeal! 


effects both 


Phe tachy 


sinus 


neuralgia  retlex have been 


arrest.?* 


known to cause cardiac 


cardia induced in some our cases, on the 


other hand, may indicate activation of the 


or «ht 


sympathetic system either centrally 
rectly 

\ schematic summary of the nerve supply 
of the circle of Willis ts shown in Figure 10 

Finally, it is evident that stimulation ot 
the dura, including the middle meningeal 
artery, and the tentorium failed to evoke 
I.KGs changes as readily as subsequent dis 
section of the basal arteries or an aneurysn 
of 


of 


Willis, and that dissection 
I], 1V, and VI (10 


nerve XI (4 cases) 


the circle of 
cramial nerves 
and cramial 


CASES ) 


CAMBRIDGE “SIMPLI.SCRIGE” MODEL FLECTROCARDIOGRAPH PAPER, CAMCO NO. 40 


CAMBRIDGE “SIMPLLSCRIRE” MODEL ELECTROCARDIOGRAPH PAPER, CAMCO NO. 40 


Fig. 11 (Case &) Distorted extrasystoles, 


as illustrated near center of upper tracing, 


occurring three to four times per minute prior to occlusion of aneurysm of the anterior cere 


Lower 
sth 


bral artery 
clypping aot 


tracing, tree of such 


364 


extrasystoles, 1s 


characteristic of EKG tollowing 


—~ 
AE 
jg * 
Vertebral A b \\ 
\ 

gs 
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electrical stimulation of cramal nerve VII 
(4 cases) tailed to induce IcNKGr changes 

Table 2), although gentle pressure on 
cranial nerves IX and No im cases of an 
acoustic neurinoma (3 of 4 cases) led to 
temporary bradyeardia (big. 9) 

From all these data the on os 
gained (a) that in susceptible cases extra 
neous stimuli are more apt to provoke FAG 
changes when applied to the mayor basal 
cerebral arteries than to other intracranial 
structures, such as the cortical vessels ana 
certain cramial nerves, and (/) that systemic 
factors, such as the level of anesthesia, 
lowered body temperature, and latent car 
diovascular pathology, may trigger the heart 
or render it more susceptible to irregular 
ties from adventitious stimult, imeluding 
stimuli apphed to the basal cerebral arteries 
of the circle of Wilhs It as possible that 
these cardiac eftects represent a direct neu 
rogen retlex phenomenon mediated by the 
trigeminal-vagal pathway. It 1s also possible 
that cardiac changes from manipulation ot 
the circle of Wilhs may reflect hypothalami 
effects, due to a local neurogenic retlex 
mediated either by the imtrinsic nerves ot 
the blood vessels or by temporary crrcula 
tory changes within the hypothalamus see 
ondary to the manipulation of the cirele ot 
Willis However the peed with which 
these cardiac effects occur suggests a neuro 
geme reflex effect rather than a circulatory 
phenomenon as their cause 

Some of these observation uggvest the 
possibility that the oecurrence ot local path 
ological changes attecting the circle of Willi 
may even imitate abnormal local vasomotor 


big 2 (Case 4) Preoperative and post reflexes capable ot altering the cardiac rate 
operative EKG records (Lead 1) 1, abnormal 
EKG (Sept. 19), shortly Cabout one week) after 
rupture of the aneur howing low ‘lL waves as indicated by the abnormal preoperative 
and frequent ventricular and nodal premature EKG (Fig. 12), shortly after the initial 
beats. B, return to normal prior to (Oct. 17) and, 
atter (Oct. 26) operation 1), reappearance ot subarachnoid he morrhage The later 
of became normal in Case 4 and wa till con 
rigidity. T waves flat or inverted Leads 1, a\ 
and \ . only to resolve / despite persisting in 
reased imtracramal pressure (No 4). with re muscle Stamp prac I Ing Of a posterior commu 
covery from signs of bleeding 
These observations suggest the possibility that 
rupture of an aneurysm of the circle of Wilh abnormalities when recurrent bleeding sub 
and/or perivascular hemorrhage result om 
transitory reflex cardiac effect 


or rhythm, as in Case & (hig. 11) or Case 4 


sidered normal directly after operation tor 
nicating aneurysm, but again revealed 


sequently occurre d 


A. M.A 


As to the immediate clinical significance 
of these data, it is obviously important both 
for theoretical and for practical reasons 
that a careful preoperative study of cardiac 
function be done, especially when hypother 
mia is to be used, since manipulation of an 
aneurysm or adjacent vessels of the circle 
of Wills in a hypothermic patient may 
induce a vasocardiac reflex leading to seri 
ous, and even fatal, cardiac arrhythmias, as 
indicated by one unpublished report’ of 
fatal ventricular fibrillation induced by dis 
secting an aneurysm of the circle of Willis 
during hypothermia. Deeper anesthesia, 
other techniques of anesthesia,® or the use 
of appropriate blocking agents might well 
have prevented such accidents. 


Of theoretical the fact that 
cerebral vasospasm of the circle of Willis 


interest 1s 


and its ramifications may occur as a result 
of a local vascular insult, whether hemor 
rhagic or mechanical, leading to local vaso 
vasal retlex effects mediated by the intrinsic 
nerve supply of the cerebral arteries. Fi 
nally, it seems possible that alterations in 
the electrocardiogram may sometimes be 
precipitated as the result of an acute patho 
log al process affecting vessels of the circle 
of Willis 


Summary and Conclusions 


lectrocardiogram (EKG) studies were 
made during 30 intracranial operations un 


der various conditions of 


anesthesia and 


temperature 


Alterations in the 


cardiac rate and/or 


rhythm were induced in 9 of 22 cases by 
operative mampulation of major basal cere 
bral arteries comprising parts of the circle 
of Willis 

lhe 


(arrhythmia 


host pronounced cardiac changes 


appeared on dissecting an 
aneurysm or adjacent arterial segments of 


the circle of Willis when 


a combination of 


relatively light general anesthesia and hypo 
With deeper 


anesthesia and hypothermia (five additional 


thermia was used (five cases ) 


cases) no EKG changes occurred, 


too 
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less pronounced EKG changes occurred 
when homologous arteries were dissected 
under local (one case) or general anesthesia 
(two Cases). 

Other types of surgical manipulation that 
occasionally resulted in transitory cardia 
changes included postural changes and dis 
section of the carotid arteries in the neck 
under hypothermia, and traction or cautert 
zation applied to the dura mater, the ten 
the 

Similar 


torium, or brain, with or without 


hypothermia. stimuli applied to 


cortical arteries did not evoke cardia 
changes. 

Stimulation of cranial nerves V, IX, and 
X gave rise to EKG changes in some cases, 
but not stimulation of cranial nerves II, 
111, 1V, VI, VU, or XI. 

Cardiac responses to stimulation of basal 
cerebral arteries were apparently influenced 
by the effects of systemic and local factors 


A System bac tors 


1. Anesthesia 

2. Hypothermia 

3. Cardiovascular status 
B. Local Factors 
Local vascular pathology, such as the presence 
of an aneurysm, and recent perivascular hemor 
rhage, serving to render the affected arteries un 
usually sensitive to adventitious stimuli 

Vasospasm of the major cerebral arteries 
appears to be a real phenomenon, and, for 
reasons discussed in the text, it seems prob 
able that a focal vascular lesion may initiate 
and perpetuate a state of vasospasm in 
adjacent arterial segments by means of a 
vasovasal reflex. 

The innervation of the circle of Willis is 
discussed. Sensory innervation of the circle 
of Willis apparently stems predominantly 
from cranial nerve V, and possibly cranial 
nerves IX and X, and autonomic innerva 
tion, from the cervical sympathetic system 
An intrinsic segmental innervation of these 
arteries is suggested by local vasospasm 
(arteriographic and operative observations ). 

The possibility that cardiac abnormalities 
may be initiated spontaneously by a serious 
is advanced in 


intracramial vascular lesion 


the light of the EKG changes associated 
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with intracranial bleeding on two occasions 
in Case 4, and by postoperative EKG im 
provement in other cases 

Vasocardiac reflexes induced by surgical 
manipulation of the circle of Willis, under 
certain conditions of hypothermia and a 
relatively light plane of anesthesia, may lead 
to serious cardiac arrhythmias. This phe 


homenon may account for Some reported 


cases Of fatal ventricular fibrillation. Deeper 
anesthesia or suitable blocking drugs may 


prevent suc h effects 


\ potentially powerful nerve supply, ea 


pable of exerting important local and remote 
effects Willis 


vasovasal and 


innervates the circle” of 


Under certain circumstances 

vasocardiac reflexes 

circle of Willis 
Medical 


ardiac 


may originate the 


consultants conducted the preoperative 
work-up of these cases, and members of 
the service of anesthesiology cooperated effectively 
in this study Dr. John H 


Duncan 


Laragh, 
Holaday, 


research im anesthesiology, read and criticized the 


instructor mn 


medicine, and Dr director of 


manuscript 


Neurologica! Institute, 710 W. 168th St. (32) 
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Changes in the Blood-Brain Barrier After Exposure 


of the Brain 


T. SAMORAJSKI, Ph.D., Columbus, Ohio, and ROBERT A. MOODY, Chicago 


Prolonged exposure ol the brain, such 
as occurs during neurosurgical procedures, 
frequently results in cerebral swelling and 

Phese hanges are pore rally 
disturbances in the 


(obrador 


cerebral edema 
attributed to cerebral 
circulation (Cannon ! and 
I.vans and Scheinker,* and Prados, 
leimdel ) 
tors have been concerned with the permeabil 
the these 


conditions. By 


Suner * 


Strowger, and Some investiga 


ity of “blood-brain barrier” in 


injecting trypan blue intra 
vitally, Prados et al.4° found macroscopically 
visible staining after exposure of the brain 
particularly noticeable in the gray matter of 
the Phese 


showed that cerebral vessels undergo an in 


exposed areas experiments 
crease in permeability to trypan blue when 
In contrast to 


\pfelbach,* 


and Le Beau.* and Obrador and Vi-Suner 


the brain is exposed to air 


these observations, Bonvallet 


failed to observe such an increase in trypan 


blue permeability in then experiments on 


cerebral edema resulting from exposure o1 
from other experimental procedures 

\s Kodriguez * has pointed out, trypan 
blue has certain disadvantages for studies 
involving the blood-brain barrier which are 
when aminoacridine dyes are 


not present 


used. By using these dyes, Rodriguez has 


been able to determine the precise histologi 


localization of the blood-brain barrier, 1. e., 
From the Department Anator ined 
surgery The Universit ot Chicago 


Present addre (Dr. Samorajski) : Department 
of Anatomy, Ohio State University College of 
Medicine National  Foundatior for Infantile 
Paralysis Fellow (Mr. Moody) 


Aided by a research grant (B 
National 
Blindness of the 


Puble He 


trom the 
Institute of Neurological 
National In 


ith Service 


and 


Health 


Diseases 
tittites of 


| 


vessel endothelium These con 


the blood 
pounds have the unique property when in 
jected intravenously of staining in vivo the 
nuclei of all the cells in the organism save 


those of the central nervous system, where 


neither parenchymal or vascular cells are 


stained The detection of these dyes on a 


cellular level ts possible because of ther 


Huorescence in near-ultra violet light. Sub 


arachnoid administration results im nuclear 


staining of the cells of the central nervous 


system, including the vaseular endothelium 


It is apparent that the endothelium const: 


tutes the blood-brain) barrier which pro 


hibits entrance of these dyes into the central 


nervous system. In view of the observations 


of Rodriguez, it appeared of interest: to 


examine whether actual changes in the 


permeability of the endothelium could be 
directly demonstrated by aminoaecridine con 


pounds after exposure of the bram 


Materials and Methods 


Adult male rabbits were used. The skull wa 
opened by trephining under repli conditions al 
area half an inch in diameter im the left parietal 
bonne lwo seri of animal were used In ore 
series Of animals the dura was gently perforated 
and a piece ot dura shghtl maller than the size 
of the opening in the skull was removed. In the 
second group the dura was left mtact. bot 
series the kin wa closed with nonabsorbable 
surgical (silk) suture ifter an exposure of ap 
proximate! lissues were removed 


under pentobarbital (Nembutal) anesthesia at the 
following postoperative perionds and 12 
hours, and 1, 2, 3, 7, 14, and 21 days. One to four 
animals were used for each time interval The 


* Some exceptions are the area postrema, neuro 


hypophysis, intracolumnar tubercle, ete, where the 


vessels apparently have permeability propertie 


different from those of the rest of the central ner 


yous system 


= 
a 


1 M.A 


tissues were taken not only from the site of ex 


posure but also from other areas of the cortex 


Proflavine hydrochloride —(3,6-diaminoacridine 


hydrochloride) or acriflavine, a mixture of 


proflavine and 3,6-diamino-10-methylacridinium 
hloride, dissolved in saline was injected into the 
marginal vein of the ear approximately an hour be 
tore removing the tissues. An exception was the 
one-half hour interval, where the dye was injected 
killing the The 


were 15 mg. of proflavine and 25 


half an hour before animal 


umounts used 


mg. of acriflavine per kilogram of body weight 


\t later phases of the experiments, proflavine was 


ised almost exclusively, hecause of its stronger 


fluorescence The tissues were frozen-dried and 


embedded in paraffin (in vacuo). Further process 


nip and methods of carried out 


observation 
methods of De 


lissues 


were 


wcording to the Bruyn, Robertson, 


and Farr from animals, injected as de 


seribed above, but with unexposed brain, served 


as controls. In addition to observations on the 


fluorescent 


studies made of 


her lie h’s 


preparations, were 


sections stamed with 


hematoxylin and 


comin 


Results 


\tter the skull was trephined, swelling of 
the brain was revealed, which was severest 


when the dura was removed 


This swelling 
became evident a few minutes after the skull 
was opened and reached a maximum at the 
After this 


regression of the 


three day postoperative interval 


time there was usually a 


swelling 
(7-10 


This regression at still later stages 


days) was connective 


enhanced by 
tissue tormation resulting from regenerative 
processes over the 


occurring region of the 


exposed brain 

examination of brain tissue obtained from 
control animals injected intravenously with 
acriflavine did not reveal any nuclear fluores 
Blood 


identification was occasionally possible when, 


cence m the cerebral cortex vessel 


in some preparations, erythrocytes showed 


a faint fluorescence 

Dura Removed. ‘Vissues taken from ani 
mals killed one-half hour postoperatively did 
not differ from the control tissue in fluores 
taken at 
tervals in the region of exposure, two types 


cence, In preparations later in 
of tissue localization of the nuclear stair “ug 
were observed: (a) staining of the endothe 


hal nuclei of the blood vessels and (hb) stain 
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ing of the parenchymal nuclet No 
systematic study was made of the stamuing 
of other areas. It was evident, however, that 
the staining was not limited to the site of 
exposure but occurred also in adjacent areas 


The staining diminished considerably as the 


distance from the site of exposure in 
creased, Both types of tissue localization 
occurred in the gray matter. In the white 
matter only endothelial thuorescence was 


found, and invariably to a much slighte 


degree than in the gray matter 
removed two hours 


In tissues ilter ex 


posure, the nuclei of the capillary endo 
thelium are clearly stained. In some instances 
it appears that the intranuclear dye Is present 
The 


faintly 


(big. 1) 
nuclei of the paren hyma are 


in a punetiform fashion 
only 
fluorescent 

Twelve hours after operation, there is an 
intense staining of all endothelial nuclei, in 


vessels 


cluding those of the larger 


chymal nuclei in the vicinity of the blood 


vessels are stained more strongly than at 
the two-hour interval. Nuclei farther away 
from the blood vessels stain faintly The 


intranuclear dye is present in a pattern cor 
responding to the distribution of chromatin 
(Fig. 2). At 


cence of the large 


fluores 
that 


this time the nuclear 
arterioles indicates 
they are permeable to the dye though the 
parenchymal nuelei surrounding these blood 
vessels apparently do not have as yet a 
sufficient dye concentration to fluoresce. At 
24 hours the results are essentially the same, 
but with increased brilliance in fluorescence 
and a spread of the staiing in the paren 
chyma so as to include most of the nuclei 


of the tissue 


after 


endothelial 


On the third day operation, the 


staning of the nuclei ts 


intense (Fig. 3). Parenchymal nuclei, al 


though clearly stained, are less intense than 


the vascular endothelium. The evtoplasn 
stains faintly 
The tissue at the seventh postoperative 


day generally shows a less intensive nuclear 
fluorescence than at the three-day interval 


(Fig. 4). The endothelial nucle: stain more 


Plate I 


hig. | ( orte rabbit. dura removed. Proflavine HC], mtravenous myection lwo hour 
ifter exposure of the bran Note staining of the capillary endothelial nuclei, Magnification 
x 265 

Fig. Cortex, rabbit, dura removed Proflavine intravenous myection welve 
hours after exposure of the brain. Nuclei of the endothelial and parene nal cells are stames 


Magnification * 256 

Fig. 3.—-Cortex, rabbit, dura removed. Acraflavine HCI], intravenous injection. Three 
after exposure of the brain. The endothelial nuclei are stained intensivel The parenchyn 
nuclei show less intense staining. Magnification * 265 

Fig. 4— Cortex, rabbit, dura removed. Proflavine HCl, intravenous myection. Seven day 
after exposure of the brain. The endothelial nucle: of the walls ot ar arteriole are staines 
Note that the endothelial staining is Jess intense than at the three-d: mterval, Magnification 


265 


Plate II 


Proflavine HCL Intravenous 
staining of the endothelium is now 


Fig. 5.—-Cortex, rabbit, dura removed 
lays atter exposure of the bram The 
heation 265 


injection, bourteer 
very faint. Magm 
Fie. 6 Cortex, rabbu, dura intact. Proflavine HCI, intravenous injection. Two days atter 
exposure of the brain. The staining of the endothelial nuclet ts much fainter than that ot 
comparable interval where the dura is removed 


Magnitication 265 
big / 


Spontaneous meningioma present at the site ot 


Same menugioma as that illustrated im 
The im vive nuclear 
parenchymal cells outside ot the 


operation, Hematoxylin and eosit 


Figure 7. Proflavine HCl, imtravenous 
staining of the tumor is much more intense than that of the 
tumor. Magnification 265 
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strongly than the parenchymal nuclei, al 
though occasionally an island of intensely 
An 
dental finding in this material was a small 
This 
an intensive nuclear staining (Fig. &). At 


staining nuclei may be found inci 


meningioma (ig. 7). tumor shows 
the periphery of the tumor, there is a grad 
ual fading of the fluorescence into an in 
tensity at which it generally occurs in the 
exposed tissue at this postoperative time in 
terval. White matter located under the tumor 
also shows a strong staining of the oligoden 
droglial nuclei, 

In 14- and 21-day preparations there is a 
progressive decrease in the intensity of the 
staming of the endothelial and parenchymal 
nuclei. In the 14-day animal there is little 
staining of the nuclei outside the blood ves 
sels, while the endothelium itself ts quite 
faint (Fig. 5). At these intervals there is 
a growth of connective tissue over the ex 
posed area, which fluoresces intensively as 
compared with the fluorescence in the nery 
ous tissue itself 

At 21 days there is no staining of the 
parenchymal nuclei and the staining of the 
endothelial nuclei has diminished to such an 
extent that it is only occasionally detectable 
In most cases there is no staining at all 

Dura Intact. The sequence of events re 
garding the in vivo nuclear staiming in this 
SeTIES 1S essentially similar to that described 
for the animals 
the 
much fainter 


without dura. In general, 


however, staming appears later and ts 


and less extensive than when 
the dura was cut. The greatest changes were 


again observed at the three-day postopera 


tive period 


By 12 hours after operation there is only 


a mild staining of endothelial nuclei of the 
blood 


nuclei stain more strongly and a faint stain 


vessels. After two days endothelial 


mg of the parenchymal nuclei occasionally 
occurs (big. 6) 


Phree days postoperatively staining of the 


endothelial and parenchymal nuclei is 


stronger than before. However, the paren 
chymal nuclei are much less intensely stained 


than those of the endothelium. By seven 


varski Moody 


San 


EXNPOSURI 


the nucler ne 


fluoresce and only endothelial nuclei stain 


days parenchymal longer 


faintly. All later preparations were indis 
tinguishable from those obtained from ami 
mals injected with dye, but of which the 
brain was not exposed. 

Histologu Observations 


examination of material stamed with hema 


The histology 


toxylin and eosin revealed definite pathology 
changes. There was an increase in the fluid 
space between the blood vessel wall and the 
neural matrix, which became visible at 12 
hours. Later, at about 24 to 48 hours, spaces 
developed between the cell wall and the 
neural matrix (permeuronal space). “These 
two conditions resulted in a sponge-like ap 
of the 


Congestion of blood in dilated 


pearance neural matrix suggestive 
of edema 
blood vessels was commonly observed in the 
veins. erythrocytes occurred frequently out 
side the blood vessels, but no hemorrhages, 
with discontinuity of the blood vessel wall, 
were seen 

Although the changes are essentially the 
same in the two series, they occur to a 
milder degree im the animals with intact 
dura. In addition, the degree to which these 
changes oceur seems to depend on the length 
of time after operation. They are most strik 
ing at the three-day interval (Pigs. 9 and 
10) 
definite diminishing of the perineuronal and 
Blood 
The 14- and 21-day 


preparations are imdistinguishable from the 
control 


In the seven-day preparation there is a 


perivascular spaces vessels appeat 


fairly normal in size 
tissue 


Comment 


The present findings show that exposure 


of the braim results in an the 
permeability of the blood-brain barrier, 1. « 

This is 
vascular endothelium, 
the paren 


chyma, which under normal conditions do 


of the vascular endothelium evident 


from the fact that the 


as well as the cells of nervous 


not stain after intravenous injection with 


aminoacridines, shows in vivo nuclear stain 
ing after exposure of the brain 


fluid 


In addition, 


accumulation of occurs in the peri 


: 

we 

a 

a 

i 

— 73 
as 
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af 


saw 


Plate III 
Fig. 9 —Cortex, rabbit, dura removed. Three days after exposure. Note the large per 
ascular and perineuronal spaces, giving the cortex a “spongy” appearance typical of cerebral 


edema. Hematoxylin and eosin stain; magnification 625 

10-—-Cortex, rabbit, dura intact. Three days atter exposure 
smaller than after the dura is removed (compare 
625 


The perivascular and 
with Figure 9) 


perineuronal spaces are 


Hematoxylin and eosin stam: magmifeation 
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neuronal spaces, following in time the ap 


pearance of perivascular fluid These 
findings show that exposure of the brain 
eventually produces condition indistin 


guishable from that described for cerebral 
edema. Functional vascular disturbances in 
the form of congestion, Stasis, and dilation 
of the 


in these tissues 


illaries and veins were also present 


There appears to be general agreement 
that trauma to the brain results primarily 
im vascular disturbances which secondarily 
produce brain swelling and edema. How 
ever, there is no unanimity regarding the 
precise nature of the circulatory changes 
causing these conditions. A number of in 
vestigators have observed vascular pathology 
similar to that described above 
Scheinker * 


vasoparalysis of 


vans and 


postulate that trauma causes 


capillaries and venules, 
leading to a slowing of the blood stream. 
They also postulate that the local accumula 
tion of COs leads to a further dilation and 
increased permeability of the vessel wall. As 
a consequence, the parenchymal changes as 
sociated with cerebral swelling and edema 
similar view 


the 


would occur. <A is held by 


Prados et al.4° on basis of their ex 
periments on the reaction of the brain to 
air exposure. These workers noted dilation 
of the cerebral vessels and congestion of 
blood. They hold that the resulting ischemia 
causes the parenchymal changes. In addition, 
on the basis of their experiments with try 
pan blue, they found evidence of an increase 
in the permeability of the blood-brain. bar 


White, Brooks, 


Adams," in studying brain swelling after 


rier. Goldthwait, and 
experimental concussion, did not observe 
any differences in the vessels between ani 
mals with brain concussion and those which 
were not traumatized. According to these 
investigators, the swelling is caused by ex 
travasation of fluid through the capillary 
walls and is not due to the escape of red 
cells, vascular congestion, or distention of 
the 


amounts of fluid. 


ventricles as a_ result of increased 


Voody 


Samaras 


VPOSURI 


Reid," studying cerebral edema occurring 
found an in 
blood 
proliferation of their endothelial cells, but 
did 


in relation to cerebral edema 


around imtracranial tumors, 


! 
crease im the number of vessels and 


not report on any vascular pathology 
(sreenhield 
attributes cerebral edema associated with in 
tracranial tumors to cerebral anoxia. He 
further suggests that venous obstruction and 
reduction in size of the capillary bed may 
play some role. In most cases he found no 
morphological changes in the blood vessels 
(brador 


cranial windows. the 


and studied through 
swelling of the brain 
following the production of lesions of the 
the 


They believe that the swelling of the brain 


floor of fourth ventricle and medulla 
under these conditions has a vascular origin 
and is the result of generalized vasomotor 
disturbances. They noted a dilation of the 
perivascular spaces but did not observe any 
other histologic changes in either the vessels 
or the parenchyma. In 
Apfelbach and and Le 


seau,’ they failed to observe trypan bluc 


agreement with 


with Bonvallet 
permeability of the brain with acute swelling 
due to a lesion of the brain 

The that 
cerebral edema is accompanied by histologi 


present observations indicate 
cally observable vascular changes and, in 
addition, by changes in the blood-brain bat 
rier that the 
ischemia resulting from the circulatory de 


The two may be related in 
ficiencies may damage the endothelium and 
thus cause an increase in the permeability 
of the blood-brain barrier 

Apfelbach,® Bonvallet and Le Beau,’ and 
Obrador and Pi-Suner * found that cerebral 
edema may occur without an increased pet 
meability for trypan blue. This may indicate 
that an increase in the permeability of the 
vascular endothelium for fluid, resulting in 
edema, does not necessarily involve an in 
the blood 
It should be stressed, 


crease in the permeability of 
brain barrier per 
however, that trypan blue is not a sensitive 
the 


detection of its 


indicator for changes in blood-brain 


barrier, since presence is 


largely limited to observation. 


1M. A 


in contrast to the amimoacridines, which, be 
cause of their fluorescence, can be detected 
in great dilutions and at a cellular level. On 
the basis of the present experiments, it ap 
pears that the occurrence of cerebral edema 


is generally accompanied by an increase im 


the permeability of the blood-brain barrier 


Phe in vivo staining of the nervous tissue 


surrounding the meningioma incidentally 
occurring in one animal which was kept 
alive for seven days after exposure of the 
brain was stronger than in nervous tissue 
of the exposed area further removed from 
the tumor. From this, it may be concluded 
that the tumor affeeted the permeability of 
the blood-brain barrier of the surrounding 
nervous tissue. This change in permeability 
Is probably independent ot the permeability 
changes in the blood-brain barrier resulting 
from the exposure of the braim 

It is of interest to note that a relatively 


mild 


posure 


trauma to the brain, such as an ex 
for 45 


drastic changes in the permeability of the 


minutes, can cause such 


blood-brain barrier However, it is obvious 
that the permeability changes in these experi 
ments are not permanent. The reversibility 
of the cerebral edema Is accompanied by a 
blood-brain barrier to 


This 


strengthens the hypothesis that there is a 


restoration of the 


relative impermeability further 
causal relationship between cerebral edema 


and changes in the permeability of the 


blood-brain barrier 


Summary 


The changes in the permeability of the 
blood-brain barrier occurring during cere 
bral swelling and edema were examined by 
using aminoacridine dyes. Cerebral edema 
was experimentally produced by trephining 
and exposing the brain for 45 minutes. In 
dura 


of animals the was re 


left 


one series 


moved, and in another the dura was 
intact 
On the basis of observations with these 


dyes on the in vivo staining of the vascular 


ARCHIVES OF 


NEL ROLOGY AND PSYCHIATR) 


endothelium, as well as of the parenchymal 
cells, it can be shown that there is a increase 
in the permeability of the blood-brain bar 
rier during cerebral edema produced by 
exposure of the brain. The increase in per 
meability ts reversible. It reaches a maximum 
in three days and is then gradually restored 
The 


edema, as well as the increase in the perme 


to its normal permeability. cerebral 
ability of the blood-brain barrier, is less 
severe when the dura ts left intact. 

Medicine 


Ohio State University College of 
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Introduction 


Previous work 


histo 


reported on the 
pathology of high-intensity focused ultra 
sound on the central nervous system of 
experimental animals has been carried out 
at a frequency of 980 ke. using a multibeam 
transducer,! 


The 


with the minute structural changes in the 


or at 835 ke. using a focused 


beam.* present communication deals 


spinal cords of mice irradiated at a_ fre 


queney of 2.5 me. with a focused beam 


Details of the method and dosage have al 
ready been reported.® 


Material and Methods 


Adult 
mitact shaved skin through the prominent hump in 
This 


thoracic 


white mice were irradiated through the 


the dorsal spine hes approximately at the 


level of the eighth vertebra. The trans 


ducer cone was filled with degassed isotonic saline 


and covered with goldbeater’s skin; this allows the 


saline solution to permeate slowly and so ensures 
a liquid contact between the transducer and the 
expermental animal through which the sound 
waves may pass. Ultrasound was delivered as a 


pulsed dose at the following parameters: 2.5 mea 


cycles per second with a voltage 


crystal of 800 


across the quartz 


This was given as five pulses of 


0.4 second, with an interval of 0.6 second between 


pulses. The mice were killed in pairs at 1.0, 2.0, 
$0, 80, and 24.0 hours after irradiation, having 
been injected subcutaneously half an hour before 
being killed with 0.25 cc. of trypan blue.* Two 


additional animals were allowed to survive for 30 
days but were not injected with trypan blue in vivo 


Immediately after the 


animal was killed, the en 


tire vertebral column was cut out 


and, after re 
placed in 10% 


later all the laminae 


moval of two or three laminae, was 


formalin. Two weeks were 


Received for publication July 24, 


Department of 


1956 


Anatomy, the University of 


Liverpool 
* This 


Bakay 


proce dure was 


suggested by Dr. Louis 


Effect of High-Intensity Focused Ultrasound on 
Cells in Spinal Cord of Mouse 


DAVID BOWSHER, M.A., M.B., B.Chir., Liverpool, England 


Nerve 


ABLE | States After Irradiation 


Paraplegia 3 
Left monoplegin 5 
Left monoparesis 2 

Tota) 10 


removed with a pick and the cord and membranes 
40 day 


decalcified im 


dissected free. In the case of the mice, 


however, the bone was edathamuil 


(Versene)t at a pli of 9 The segments of cord 
lesion embedded im 


They 


methviene bhie as the 


contamung the were parathin 


Nissl 


lye 


and cut at 5p were stamed by the 


technique, using 


Results 


As 


for the procedure the 


the mice had not been anesthetized 


clinical states were 


assessed after irradiation 


results are presented in Tables 1 and 2 


Paste 2—Clmical States and Survival Tim 
Mouse No Clinica) State Survival 
lime, Hr 
ab Left monopare 
4A Paraplegic 
2A Left monopares! 
SA Left monoplegia 2 
Left monoplecia 
OA Left monoplepgia ‘ 
1A Paraplegic 
iB Paraplegic 
4h Left monoplegia 
on Laft monoplegia 
In order to correlate the figures in Table 1 


with the survival time and the changes to be 
described, the clinical findings may be re 
tabulated in Table 2 

It should be added 


in this irradiated at 


that 


these 


here two mice 
standard 
parameters, were rendered “weak" only and 


| he if 


SCTICS, 


were discarded 


significance will be 


discussed later 
t Supplied by the Her 


worth Chemical Co 


Framingham, Mas 


2 
i 
id 


A. ARCHIVES OF 
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tam 


Normal thoracic cord of mouse. Nissi 


(on laminectomy, the areas of the cords 
which had been maximally irradiated were 
found to be stained with trypan blue, as 
seen with all membranes intact; these 
regions were also macroscopically hyperemic 
On removal, many of the cords were found 
to be extremely friable, so that they tore 
with the 
also compressed dorsoventrally (bigs 


when cut niucrotome were 
2 and 


they 


Microscopic examination showed a great 


decrease in cell population even at one hour 


big. 3 Thoracic cord elt hours after irradia 


tion. Nussl stam 


NEUROLOGY AND PSYCHIATR) 


Fig. 2.—Thoracie cord one hour after irradia 


tion. Nissi stam 


(Fig. 2). Figure 1 shows a normal Nissl 
stained mouse thoracic cord for comparison 
It will also be noted from Figure 2 that 
there is slight hemorrhage in one dorsal 
that de 


population is greater in the ventral than in 


horn and some slight) indication 


the dorsal horn, The ependyma surrounding 
the central canal can also be seen to be intact 

At two hours, in an extremely friable 
cord, cell depopulation has progressed fur 
ther, At four hours it has proceeded fur 
ther, and at eight hours (Fig. 3) it is seen 
to have progressed even further. The cells 
Figure 2, 


are less hyperchromic than in 


Normal ventral horn cells im 


Nissl stain; 370 


4 


spinal cord 


mouse 


P 7 4 
| 7 YO wa 
72 Vol. 78, Oct., 1957 


EFFECT OF HIGH-INTENSIT) 


Fig 5 Ventral horn cells one hour 
radiation (from same section as Figure 2) 


stain: reduced to 76% of mag. « 370 


atter 
Nissl 


indicating that chromatolysis is more ad 
vanced. At 24 hours, however, the cell popu 
to have sutfered no further 


lation appears 


reduction 
(owing to the friability of the cords, it 


cannot clearly be decided whether the i 
regular cavities in the matrix are due to the 
action of the ultrasound or are an artifact 
due to cutting. However, Figures 2 and 3 
do demonstrate a pericellular Space, espe 
cially around the ventral horn cells. 
-xamination of the surviving cells showed 
the greatest amount of change in the ventral 
horn cells; indeed, the surviving posterior 
horn cells showed no change in the vast 


Ventral horn cells eight hours after ir 


Nissl 


Fig. 7 
radiation (from same section as Figure 3) 
stain; reduced to 86% ot mag. * 370 


ULTRASOUND 


Ventral 
Nissl 


horn cells two hours after u 
stain; reduced to 76% of 


Fig. 6 
radiation 
x 370 


majority of cases. Figure 4 shows normal 


mouse ventral horn cells for comparison 


Figure 5 (from the same section as igure 


2) shows ventral horn cells one hour afte 


irradiation. Three of these cells are seen to 


be uniformly stained and hyperehromius 


Others show loss or blurring of the nucleo 


Two 


lus and vacuolation of the eytoplasm 


are reduced to ghosts. Vhere ts 


The cells can also be seen 


one com 


paratively normal Pericellular spaces 


can be observed 
to be enlarged 


At two hours (lig. 6), the vacuolation 


of the cytoplasm is more evident, and 


pyknosis ts occurring in some nuclei. Figure 
7 (from the same section as Figure 3) shows 
the appearance of ventral horn cells eight 
hours after irradiation. The vacuoles are 

hig. & 
hours 


Ventral horn cells and central canal 24 
after irradiation. Nissl stain: 
76% of mag. * 370 


reduced to 


= be 
P 
379 


1M.A 


Ventral horn cells and central canal 30 
Nissl stain; reduced to 76% 


big. 9 
lays after irradiation 
370 


map s 


larger than in bigure 6, and the degenera 
live process is generally more advanced, At 
24 hours (big. 8), vacuolation 1s extreme, 
that im 


cells the membrane is intact; the ependyma 


and it can be seen some of these 
is normal. That this vacuolation per se 1s not 
necessarily fatal to the nerve cells is shown 
by the 30-day cord (lig. 9). Vacuolation 
is still cells, 


returned to normal size, and a glial reaction 


evident in many which have 


is evident 


In all cases the meninges, ependyma, and 
dorsal root ganglion cells were normal. As 
far as could be seen with this staining 
technique, the nuclei of the glial cells were 
normal m appearance, and so were the vast 


maypority of blood vessels 


Comment 


The dose of ultrasonic radiation used was 
chosen because it had been found by trial 
and error to be the minimal paralyzing dose 
Phat the effect 
shown by the fact that the clinical response 


is extremely variable is 


varied from “weakness” to complete para 
plegia, though monoplegia or monoparesis 
was the most frequent result. It ts evident 
that cell 


damage is out of all proportion to fiber-tract 


therefore, at these parameters, 


damage. Even in cases with monoparesis 
(Vig. 2) there is little evidence of lateraliza 
tion of cell destruction. This is in contra 


distinction to the findings of Fry and his 


380 
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that ultrasound 


“suggests a specificity for 


who state 


damage nerve 
fibers over nerve cells.” However, they wer 
working at a frequency of just under | 
megacycle per second, while the current 
report is concerned with damage produced 
at a frequency of 2.5 megacycles per second 
It may be, then, that this higher frequency 
exerts a specifically greater destructive ef 
fect on nerve cells than on nerve fibers. In 
common with other workers, it is found 
that damage to blood vessels is extremely 
slight.’* Bakay’s suggestion of injecting 
trypan blue before killing the animal, but 
after irradiation, shows that capillary perme 
the 
showed a blue tinge before Nissl treatment, 


ability is altered; indeed, as sections 
it must be concluded that in the area of the 
the had 
broken down. Bakay? had previously dem 
the 
made at a depth in the cat brain. Lehmann 


lesion “blood-brain. barrier” been 


onstrated this to be case in lesions 


had also noted edema in mouse tails, which 
he attributed to altered capillary permeabil 
ity. 

The greater susceptibility of ventral horn 
cells than of cells of the posterior horn had 
previously been mentioned by Wall et al.,! 
but the particular type of damage observed 
in these mouse cells was so remarkable that 
had to be 
The first of these possible factors was heat, 


other possibilities considered 
especially in view of the fact that lamine 


had 


irradiation 


tomy not been performed prior to 


Fry, Wulff, Tucker, and Fry® 
have shown that at a frequency of 980 ke 


per second with continuous wave the 


temperature rise in spinal cord is 1.8 C pet 


second, whereas in bone it is 55 © per 


second. It was therefore decided to in 


vestigate heart paralysis in mice. For this 
purpose, mice were placed in a hot room 
with a dry-bulb temperature of 104 F for 
six to eight hours, after which time they 
became quadriplegic and died. Examination 
showed vacuolation of 


of the cord indeed 


ventral horn cell cytoplasm, but of quite 


t This procedure was carried out by Mr. G A 
Harrison 


| 
| 
— 


EFPFECT OF HIGH-INTENSITY ULTRASOI 


different type from that herein described. 


The cytoplasm had merely drawn away from 
the cell wall, remaining attached by a few 
the that of 


irregular star in a ring, exactly similar to 


strands; appearance was an 


that of cells treated in hypertonic saline 
Moreover, other cellular clements were simi 


larly damaged 


As the animals had not been perfused per 
artery at death, fixation artifact had also to 
be considered. Mouse spinal columns were 
removed and left for periods up to 24 hours 
before immersion 10% formalin, On 
little 


served in the nerve cells, save that in a few 


examination, or no change was ob 
scattered cells the appearance of the hypo 
chromic phase of chromatolysis could be ob 


sery ed 


In fact, strongly militating against artifact 
was the observation that ependyma, me 
ninges, and dorsal root ganglion cells in the 
Moreover, a 
cells 


normal dorsal horn cells were seen in every 


irradiated areas were normal 


few normal ventral horn and many 
section, 

The type of change seen in the motor 
cells any 
other animal. As pointed out by Wall et al.’ 


and Barnard et al.,* there is a 


horn has not been deseribed in 


process of 
destruction by chromatolysis that is remark 
able only by the rapidity with which it takes 
place, but in the case of the mouse this 1s 
Wall et al.! 
vacuolation cells 


whose limiting membranes have been dis 


accompanied by vacuolation 


have des« ribed some in 
rupted, but none in intact cells. Fry ' states 
that the process 1s not one of physical dis 


cellular 


ruption of or nue lear membranes, 
and Hueter, Ballantine, and Cotter ® speak 
of “rupture and restitution of molecular 


bonds.” Is a process of physical cavitation 


being observed? Schmitt and Uhlemeyer ™! 


have shown that physical cavitation may 


occur in the ultasonic disruption of unicellu 
but 


lar organisms, Harvey '* has demon 


strated that disruption of such organisms 
can occur without cavitation. Barnard et 
al.* state that no histological changes can be 


seen in the cat brain for five to eight minutes 


Rowsher 


ND 


but their 


radiated at 1 megacycle, did not show vacuo 


after irradiation, specimens, 
lation. Against this being a true process of 
the fact that the the 


vacuoles seems to increase with time ( bigs 


cavitation 1s size of 
5-9). 

This leads to the question as to whether 
the vacuolated cells have been damaged at 
the but killed 
by the process (big. 9), or whether they 
the of 
In 


time of irradiation are not 
irradiation 
the latter 


postulated the 


are undamaged at time 
but subsequently become so 
contingency, there must be 
liberation of a toxin which remains con 
fined to the cord and which ts able to exert 
its destructive effect after prolonged periods 
of Wall et al.! that 


chromatolytic cells, in the earlier stages ot 


time have shown 


destruction, can be found up to at least two 


shown 


weeks after irradiation. Iry '™ has 
that in peripheral nerve fibers it is possible 
to produce a reversible change, as shown 
by recovery of ability to conduct impulses, 
while Cotter '™ has observed partial clinical 
recovery in mice paralyzed by ultrasound 
workers histological 


changes in animals killed immediately after 


have observed 


irradiation.’ In the present series of ex 
cell 


population was observed after eight hours 


periments, no significant decrease im 


It is therefore concluded that damage prob 
ably 


occurs primarily at molecular level 
during irradiation,” but that this progresses 
After this 


period vacuoles made by the breakdown of 


for at least eight hours in mice 


cytoplasmic molecules may increase in size 
but, that, in the absence of nuclear damage, 
is not necessarily incompatible with the via 
bility of the cell. The possibility ot phy sical 
cavitation cannot, however, be excluded at 
this frequency; Fry's '® observation that less 
damage occurs when animals are irradiated 
under increased atmospheric pressure tends 


to support this hypothesis 


Summary 


Mice were irradiated with a minimal 
paralyzing dose of pulsed focused ultrasound 


at a frequency of 2.5 megacycles per second 


4 
is 
ay 
2 
a 
a 


A. M.A 


damage to nerve cells in the area of ir 


radiation was greater than that to nerve 


tibers 

Ihe cells of the ventral horn were more 
usceptible than those of the dorsal horn 

Vacuolation, as well as chromatolysis, 
was observed, Apparently, not all vacuolated 
cells were chromatolytic or vice versa 

In the absence of chromatolysis, vacuo 
lation is not apparently mecompatible with 
the continued life of the cell 

The irradiations were carried out in the labora 
tory of the Medical Acoustics Research Group at 
Drs. H. 1 
Hueter gave advice and en 
Misses Hetty 


lane Rosenthal, technical assistance 


the Massachusetts General Hospital 
allantine and T. F 
Francis and 


Mrs 


couragement, and the 
Cynthia 
Morley prepared the slides 

This work was made possible in England by a 
yrant from the Medical Research Council, and in 
the United States by a grant from the Department 


of the Army 
University of Liver 


Department of Anatomy, 
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News and Comment 


SOCIETY NEWS 


Houston Neurological Society.— The Houston Neurological Society, Houston, Lexa 
“Pathogenesis and Treatment of Parkinsonism” to be held on Marc! 


nnounces symposium on 
Session. Participants will include Dr. Male: 


i3, 1958, as part of its Sixth Annual Scientific 
Harry Kaplan, Brooklyn; Dr. Arthur Ward, Seattle; Dro Rober 
lowa Citv; Dr. Paul Bueyv, Chicago; Dr Irving 


Carpenter, New York; Dr 
Schwab, Boston Dr. Russell Meyers, 
Cooper, New York, and Dr. A. Earl Walker, Baltimore 


At the 82d Annual Meeting ot the American 


The American Neurological Association. 
1, on tune 17-19, 1957, the following 


Neurological Association, held in Atlantic City, N 
otheers were elected for the coming veatr 
President, Israel S. Wechsler; president-elect, Bernard |. Alpers; Ist vice-president, Russell 


N. DeJong; 2d vice-president, Bronson S. Ray: secretary-treasurer, Charles Rupp; assistant 


secretary, William F. Caveness 
The 83d Annual Meeting of the Association will be held at the Claridge Hotel, Atlantis 


itv, June 16-18, 1958 
ANNOUNCEMENTS 
Congress of Neurological Surgeons—The Congress of Neurological Surgeons will 


Annual Meeting at the Statler Hotel in Washington, I) ©., Nov. 7, 8, and 


hold its Seventh 
aspects of pediatry 


9, 1957. The program will be devoted to a consideration of various 
Dr. Francis C. Grant will be the principal guest speaker 


neurosurcery 
Philip D. Gordy, Suite B-1, Professional Building 


Inquiries should be directed to Dr 
Augustine Cut-Off, Wilmington, Del 
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Books 


BOOK REVIEWS 


Systématique et électroencéphalographie des encéphalites et encéphalopathies. Hy J. Rad 
ermecker. Price 2800 tr Pp 244. Masson & Cie, 120 boulevard Saint-Germain, 
Paris, 6°, 1956 
This study is based on maternal from the Bunge Institute and the Antwerp Institute ot 

! ropical Medicine and includes children and adults whose diseases were cither European or 

\frican in origin. ‘The author discusses sixteen varieties of acute viral meningitis and 

meningoencephalitis; two types of subacute and chronic meningoencephalitis, and suppurative 

meningitis; some fourteen types of primary encephalitis, and many types of postinfectious and 


toxic encephalitis. A few lines of description of each disease are given. In some cases photo 


vraphs of brain slabs or low-power photomicrographs illustrate the sketch. In others a very 


brief case history and microscopically reproduced electroencephalograms (one-sixth natural 
the seventy-eight figures, thirty-six are electroencephalograms. The 


ize) are provided 
A twenty-one-page bibliography concludes the 


literature bearing on each disease is discussed 
work 

The author sought to determine (1) whether the comparison of electrical disorders observed 
im encephalitice processes of different topography in the nervous system would clarify the 
meaning of the various electroencephalograpihic elements observed in these and other neurologi 
cal disorders (it did not), and (2) whether serial electroencephalograms could help in the 
differential diagnosis of primary encephalitides and postinfectious encephalopathies (they did 
vot). The author notes that serial electroencephalograms continued after clinical recover 


from encephalitis may foretell the appearance of postencephalitic seizure disorders 


Fear of Electroconvulsive Therapy 


Notes from a Patient's Diary 


MERTON H. FRIEDMAN, Ph.D., Boston 


It is the purpose of this paper to indicate 
the nature of the fear of electroconvulsive 
therapy (CT) expressed by a patient who 
kept a diary while undergoing such treat 
ment 


this 


Heretofore, a personal document of 


nature has not been available the 


literature for study, 
Previous studies concerned with the reac 
ECT, the 


purely theoretical, have dealt with (1) ob 
2,3,11,20 


tions of patients to other than 


servations of manifest fear (2) 


interviews before and after treat 


(3) 
psychotherapy 
(4) 


term 


survey 
ment #15 material elicited during a 


course of which followed 


written as a 


and in one instance,* material 


paper sometime after 


treatment by a student who reminisced of 
his experiences as a patient. The uniqueness 
of the document to be presented here hes in 
the fact that it illuminates the day-by-day 
reactions to ICT of a very literate patient 

the 


emotional impressions of the treatment ex 


reactions which were recorded while 


perience were still vivid in the writer's mind 


1957 


April 19, 


Section, 


Submitted for publication 


and 


Hos 


From Psychology Psychiatry 


Neurology Service, Veterans’ Administration 


pital 
This paper was presented in part at the regular 
ang 


Boston Society of Psychiatry 


1957 


meeting of the 
Neurology, Jan. 17, 
Staff 


Balcanoff, Psychiatrist, 


Hospital, 


Dr. Eugene J 


Veterans’ Administration Boston, mace 


many helpful comments during the preparation ot 


this paper 


Having behind us the accumulated experi 
ence of almost two decades of ECT and the 


now commonplace observations of 


fear in 
many patients undergoing such treatment, it 
may seem surprising to suggest that at one 
time the 
Indeed, Cerlett 
and Bini,’ who, in 1938, first advocated the 


there was serious doubt as to 


presence of such a reaction 
use of electrically induced seizures as a 
the 


were impressed by the absence of the fear 


method of treatment for 


mentally all, 


reaction so prevalent in patients undergoing 
the then 


wick ly used pentylenctetrazol 


(Metrazol) therapy. It was em 
phasized that one of the 


of the 


prime advantages 
the total 
sciousness of the patient during the evolu 
the These 


asked about their sensations, affirm that they 


new method was uncon 


tion of treatment patients, 
know nothing, simply of having slept.” * In 
the years immediately following the incep 


tion of ¢ 


17 


, other writers were similarly 
impressed with the minimal presence or total 
absence of fear im patients undergoing the 


treatment 


However, as early as 1940 there appeared 


in the literature serious 


the 


doubts as to. the 


absence of fear, authors actually 
gesting the 


of such feat 


suy 
possible 


therapeutte 


* in 


properties 


Iengland, wa 


*Cerletti and Bin,’ p. 267. A translation of this 


arts le, or iginally 


vided by Dr 


published im Italian, wa 
Pietro Vo Marchetti 


Psychology, University of 


Department © 
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among the first to stress the traumatic, fear 
producing properties of 

The patient is being exposed to repeated danger 
situations, and unless he has become quite demented 
and introverted, he reacts by fear of this threaten- 
ing external danyer Even im the absence of 
verbal formulation [in the writer's experience, non 
est|, the patient's behaviour clearly shows during 
the treatment his desire to evade the repetition ot 
the anxiety 


expenence The behaviourist and sen 


ationist would hardly discount the predominance 
of anxiety after observation of the pupils, pulse, 
respiration and perspiration, et In short, we can 


not avoid the observation of fear.” 


Similar observations have been reported 


in the American literature in 


4.10,12,18 20,24 


succeeding 

In light of the previously enumerated ob 
servations of fear, it is interesting to note 
that in 1950 Cerletti ® took cognizance of the 
Whereas 
in his original report, some 12 years earlier, 
the 
fear in his patients receiving the then new 


emotional reactions of his patients 


he makes no mention of presence of 
treatment, he later writes of the readily 
the 
the patient’s fear of therapy 


demonstrable affective correlates of 
therapy 
which leads some to want to stop it.”’ *% 
When they were asked why they wished 
to stop the treatment, Cerletti's patients were 
unable to answer specifically other than to 


say that they were afraid. Of what they 


were afraid they could not tell, but yet they 


were manifestly fearful of the treatment. 
(erletti concludes, therefore 


There must be a vague recollection—organic mem 


wy of the first “terror-defense” 


that 


reaction. | be 


heve name “terror-defense’” expresses the 


nological sigmificance of epileptic fits. The terror 
phase, although taking place during unconscious 
ness, leaves specific biochemical and psychological 


hanges in the organism that later emerge ge 


nerically into the conscious sphere ™ 
Similarly, Hayward recently reported 
i verbatim interview with a female patient 


had 


treatments 


who 


undergone electroconvulsive 


This patient clearly verbalized 
what she felt as “real terror.” 

In an attempt to provide additional cre 
dence to the many observations of fear in 
patients undergoing ECT 
this follow 
portions of a written diary kept by a patient 


and to delineate 


the nature of reaction, there 


ARCHIVES O} 
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who, at the time, was undergoing a course 
of ECT at a Veterans’ Administration Hos 
pital. It will be seen that the fear reaction 
manifested while the patient was under this 
treatment assumed a prominent role in his 
thinking. 


Brief History of Patient 


The author of the diary is a 34-year-old, white 
unmarried graduate student who was admitted to 
the closed-ward section of the Veterans’ Adminis 
tration Hospital in the spring of 1951 because of 
increasing overactivity and bizarre behavior, mani 
fested by grandiose delusions and hallucinations 
The diagnosis on admission was that of a 


phreni 


schizo 
reaction, undifferentiated type 

[he patient's first reported psychotic experience 
in which he wanted to destroy the present world 
civilization, occurred after one of his professors 
allegedly made a homosexual advance toward him 
His reaction to this alternated between panic and 
manic elation. Although the psychotic episode sub 
sided within 24 hours, and the patient continued his 
graduate studies, he threw 


deal of 


who soon became his mistress 


himself into a great 


heterosexual activity with a girl 


While in church 
on Easter Sunday, 1951, he felt that marriage to 


triend, 


his mistress was the only solution to his problems 
When advised to go slowly by a psychiatrist, with 
whom he had been in therapy for over a year, he 
became increasingly overactive and bizarre. Fol 
lowing this he had his first hallucination, in which 
he saw 

tress. It 
pitalized 


a mystic rose in the genitals of his mis 


was Shortly thereafter that he was hos 


On admission the patient was confused about his 
identity and was repeating his name over and over 
again, like an incantation At times he was over 
active and bizarre, and at other times he was mute 
and inaccessible. The physical examination, labora 


tory findings, and x-ray studies were all within 
Repeated chest plates showed evi 


dence of an old tuberculous infection 


normal limits 


In the hospital the patient was given intensive 


psychotherapy; despite this, his bizarreness and 


inaccessibility increased, leading to a course of 


60 insulin comas. He improved for a short while 


but in the early part of 1952 he 


again became 


bizarre and overactive. He was given a course of 
12 electroconvulsive treatments in June, 1952: but 
when his 


bizarre overactivity returned, 


month after termination of ECT, he 


within a 
was given a 
second course, of 15 treatments 
that 
carned on by a 
1953, 


for two and a half 


He quieted down 


suthciently so intensive psychotherapy was 


resident psychiatrist until July 


when he was treated by a staff physician 


vears. It was during this last 


| 
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period that the diary to be discussed below was 
Prior to 
this presentation, the psychiatrist was unaware ot 


given to the psychiatrist by the patient 
the existence of such a personal document 


Diary 


This document actually covers the period 
29, 1952; but limita 


tions of space preclude its total inclusion, 


trom Sept. 2 to Sept 


Only selections from the entries for the 
Where 


entries are enclosed by parentheses, material 


period Sept. 2 to Sept. 26 are cited 


has been summarized for the sake of brevity 
Letters of the alphabet are used to replace 
the names of staff, ward personnel, and pa 
tients referred to in the diary 

1952 ward events and 


“Sept. 2, ( Discussion of 


thoughts about marriage) Fear of ECT. (Further 


comments about relationship to girl friend) Dr 


also said that | would be getting ECT tomorrow 
and Monday, since it seemed to be having ‘such 
(Comments about work in 


good results.’ occupa 


tional therapy; his hopes for eventual discharge 


trom the hospital ) 
“Sept. 3: 0530 
by C; slipped thermometer, thus begins ‘ritual of 
ECT blast.” Attendant 
should clothes.’ | 
life of few 


W next to me lets out a long fart 


awakened early (in darkness) 
around to 


think back 


specially of 


getting comes 


tell 


over group 


me | ‘get my 


past years 
France Two 
hours to go to receiving electroshock. Much better 
to get it while sleepy but ‘build-up’ makes relaxing 
virtually impossible. Lights are turned on all over 
dormitory. Sixteen patients stirring, making 
Study effects of 0530-0730 build-up in con 
blast 
awakened in private room. Special study of opera 


the 


are 
noise 


trast with administered to person just 


ritual on formal white 
(Brief 


using these observations for course paper when he 


hon-raom patient 


clothing, et reference to possibility of 


returns to his graduate studies) 


“Il go across the hall, get clothing, put it on, and 


return to dormitory with time, time, time, and no 


after blast Memories of (school) 


Vast 


until 
bac k 


breakfast 


life flood status effect in) being on 
treatment 

A (attendant) goes over, pokes B, 
chow. V_ gets up 
from the Scripture, ‘And 
Sabbath and the 


Man opposite gets up, tells me, 


‘Chow and 


unnounces singing. H reads 


He says man was made 


for the Sabbath was not made 


for man.’ ‘Let's go, 
Then W next to me gets up, dresses, 


breaktast 


boy; chow! 
likewise B. L 
table, adjusts a 
Then | am After, I 


to eat. I sa No, I'm 


and comes 


hac k 


laintily 


goes im to 


to check his bedside towel 


comes over, 


going to 


if I'n 


THERAP) 


have a 


He 


“Take it easy,’ and leaves 


treatment.’ acts embarrassed, says 
H comes in from break 
fast and paces up and down. L. comes in again to 
arrange his towel, Stops again as he goes by, SaVs 
Then ¢ 


‘whooping 


“Take it easy, and goes out wanders in 


and out; then one can hear E but he 


does not came into the dormitory. | have another 


cigarette and think of how well my mind ts work 


ing and wonder what this ritual all adds up to 


It seems bad to have no ‘company’ while waiting 
call asks ‘| 


wants to sleep r H paces up 


attendant who 
remains in 
and down in front of foggy 


now, tor I 


Last tor chow by 


bed 
windows. | wait and 


write. It is obscene wide-awake 


am 
and clear-headed 


Crickets and 


returns from breakfast 


streetcars running outside. C strides 


in from breakfast and 


stands at our windows for 


a while 

“Other patients return trom breakfast. V goes 
in and out several times. I| realize how much | 
miss breakfast and think how | enjoyed it yes 


terday and Wednesday. I think of | (girl friend) 


then think 
of my family and, finally, of my own helplessness 
W wanders in 


and why | am not at (university) ; 


and out and 
‘maneuvering’ against imaginary gladiatorial foes 


Sounds of a cricket the 


V wanders in out, 


outside window—and ot 
trucks. I wait, I want to get it 
I think of J and like to think of being 
with her in (city). Why am I still in this hospital ? 


I cough and spit and wait 


Streetcars and 


over with 


Finally, | light another 
cigarette and wish for chloroform or some escape, 
and and H 
smoking long cigarettes like O 


time is like a pit, says | should be 


Time, time, time, 
he says, is all we have to worry about 
carry 


evil deed 
their own reward 

“The sound of a nurse’s laughter comes from the 
hall. I ‘prepare myself.’ The short attendant comes 
in and empties the wastebasket; says, ‘How are 
you this morning ? Crood" (The next 


My 


| go up to (ward where treatment ts 


Pretty good 
to the last turn of the screw) No company 


time arrives 


administered) with (attendant) As I go into 
chamber, S is carried out unconscious. It is hi 

last ‘shock. Take me next, about 0900. con 
to about O15, feel peaceful, at first do not re 

member ‘shock Have some breakfast, then geo 
to (another ward). (Three patients) and I have 
breakfast towether on (ward) Then | go dow: 
with EF and attendant to (another ward) Iwo 
things, no, three, to ask (treating physician) (1) 


shox k 
when discharge 
“No 


hedule ol 


when will end; (2) when weekend pa 


(3) preter ibly by Christma 


from (physician), except that 


two a week 1s a good sign Letter 


arrives from | (girl trend), referring to last 


‘shock’ 


answering 


visit. Cuestion arises as to what does to 


the memor Ditticulty letter 


= 
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(Brief reference to relationship with girl friend, 


planned trip to football game)’ 


Subsequent references to ECT in the 
diary 
“Sept. 6: Relatively relaxed EC this morning 


(Physician) stops by to tell me that there 


will be only three more ECT’s. Wasn't it easier 
to relax with him this morning ‘ 
“Sept. 9: | see Dr. W (another physician giving 


ECT) in the office and, probably because of my 
remaining shocks, feel uncomfortable 

“Sept. 10: ECT on (ward), then breakfast and 
Inisy day 


“Sept. 15. Wednesday ECT on (ward)—next to 


last one—a ‘dazzling one.’ 


“Sept. 19: Associate ECT or stimulus-respomse 


of moral equivalencing 

‘Sept. 21: 1 find my mind ‘jams up’—yet cer 
tain events, even rather ‘obscene,’ mse relatively 
clearly—relation to (1) ECT; (2) long-term per 


sonality conflicts; (3) short-term personality con 

flicts; (4) interaction difficulties 
“Tomorrow morning my ‘last shock’—then what ¢ 

(Reminisces of hospital experiences) Doctor's an 


library (ot 


to be had amd my escape t 
(city), 
and arrest—jail 


nouncement of 


from the hospital ), cab to 
cashed check, then to buy suit 
back to hospital and ECT and memories flood back 


of room and phantasies—of being cinnamon brown 


hear, elected vice-president, ete. Later terror ot 
fasemation and why fascination of humilta 
thay of lack of communication, et 

“Sept. 22: Wednesday, Slept until moment for 
T much easier that way—no build-up of 


tension. | relaxed on treatment table, had a little 
chat with (physician) before treatment; and there 


ensued a dazzling ‘flash,’ from head down through 


‘Sept. 24: He asks about ECT. ‘Did you have 
one this morning?” For third time [ told him I 
was through. Doctor came by at suppertime—we 


talked probably for an hour He noted the end 


of ECT 


‘Sept 26 


treatment, congratulated me 


One reason ECT hits one so hard 


is that it dramatizes the classification ‘psychotic’ ” 


Analysis of the Diary 


The contents of this patient's ciary leave 
no doubt as to the presence of real 
fear of KCT 


question 1s 


a very 
lor this patient, at least, the 
one of whether the 


thus not 


treatment was anxiety-arousing but rather: 
t The patient eloped from the hospital after the 
third treatment of his secoml course of ECT. He 


went to a nearby city, where he was subsequently 


apprehended and returned 


IROHIVES OF 
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What 


so fearful’ It 


that 


1s possible to isolate the 


was it about the treatment was 
expression of four major fears which served 
to make the treatment a noxious experience 
for him: (1) fear of punishment; (2) fear 
of his helplessness; (3) fear of humiliation, 


(4) 


do to his mind. 


and fear of what the treatment would 


Fear of Punishment._-References — to 
“blast,” “evil deeds” carrying their own re 
“last the 


equivalencing,” “‘tension,”” 


screw,” “moral 
the 


chloroform and escape, all suggest the in 


ward, turn of 


wish for 
terpretation of treatment as punitive. 

The receiving of treatment as retribution 
by patients, based upon a need for atone 
ment for sins, has been a widely offered 
psychogenic interpretation of the underly 
ing mechanism of ECT. The major impetus 
for such theorizing seems to have stemmed 
from work with depressed patients and their 
marked and immediate response to ECT 
However, the possibly punishing aspects of 
the treatment have been suggested by Gor 


don i¢ 


as one of the major psychodynamic 
mechanisms inherent in all convulsive thera 
pies. Abse ® pictures the physician repeatedly 
subjecting the patient to a traumatic situa 
tion, which becomes equated with punish 
ment.t 

Fear of Helplessness 


in the diary to the “operation ritual,’’ and 


Kkeferences made 


to feelings of loneliness and being subjected 
to a “build-up,” suggest the patient’s help 
lessness in the face of the little-understood 
Indeed, 


it is just such a feeling of impotence that 


treatment he was about to receive. 


the patient consciously emphasizes when he 
think 


helplessness.” 


writes, “I finally of my own 

Since the treatment is administered by a 
source external to the patient receiving it, 
and thus not subject to his control, empha 
sis has been given by some to the manifest 
dependency of the patient upon the phy 


sician. Gordon **® describes the patient as 
“sees in the 


Abse and Mosse 


and W ilson = 


“helpless and dependent” (who 
physician a mother” ) 


t See also Mosse 
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emphasize the similarity of the patient to a 


child dependent upon the good will of a 
psychiatric parent and authoritative figure. 
The 
this patient felt in the presence of physicians 
with ECT the 


Fear of Humiliation discomfort 


associated and embarrass 


ment he attributes to another patient whom 
he has informed of his own impending treat 
the presence of a sense of 


ment suggest 


personal humiliation. Indeed, the emphasis 
given in the diary to the “vast status effect” 
of treatment; the “effects of beginning treat 
ment in a new hospital, where most patients 
are not on treatment’; the “fascination of 
humiliation”; the feeling that the treatment 
“dramatizes the classification ‘psychotic’ ” 
defensive irritation with a 


his apparent 


patient whom he had to tell three times that 


he was “through” with treatment——all sug 


gest that lowered self-esteem) was an im 
portant contributory factor to the patient's 
fear of ECT. In this connection, Hay 


ward's patient also deseribes the exper 


ience as “humiliating.” Fisher, Fisher, and 
Hilkevitch ' briefly note a similar reaction 
occurring during the course of interviewing 
a number of patients undergoing ECT 


Vind 


references are made by the patient in his 


Fear of Damage to [is Several 
diary to the functioning of his mind. Al 


though given in a characteristically intel 


lectualized manner (1. “Question arises 
as to what 
still 


over what the treatment might do to his 


‘shock’ does to the memory”), 


there appears to be a real concern 


mind (“My mind jams up”) 


16 


Kalinowsky ' indicates that some patients 
both the 


memory difficulties and the orgame charac 


show an unpleasant reaction to 


ter changes following treatment which 


frighten them. Similarly, Frosch and Im 


pastato mention the general and specific 
psychological reactions to a treatment which 
“drastu and 


involves a physical assault” 


produces organic brain alterations.§ 


$ See also ‘Tanner 


riedman 
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Comment 


The preceding discussion indicates that 
much of the fear of treatment expressed by 
the patient in his diary has a valid commun 
ity with previous observation and theory 
At the same time, however, two aspects ot 
these emotional reactions stand out as being 
quite different from the results of previous 
studies. First, one of the fears expressed 
by this patient, that of humiliation, has not 
been explicitly delineated in’ the literature 
beyond the sexual connotations it assumed 
for Hayward’s patient and a brief refer 
ence to its presence in a survey report by 
Fisher, Hilkevitch.'” 


while other patients have expressed one ol 


Fisher, and Second, 
another of the remaining three fears, such 
expression has not included the same num 
ber, or the 
tent, as appears in this particular instance 
suggest the 
idiosyneratic nature not only of the reaction 


assumed same form and con 


two observations thus 


of this particular patient to the treatment 
stimulus but also that of any other patient 
These observations also support the hypo 
thesis advanced by Abse* that the meaning 
of reactions to CT can best be approached 


through an analysis of 


their unconscious 


determinants 


Although Abse * emphasized the primarily 
negative reactions to by idiosyneratie 
itis here meant that the emotional response 
to such treatment be it fearful resigned 


or even complacent) may be considered as 


reflecting a particular type of defensive at 
tempt to cope with a traumats experience 
Implicit in such reasoning is the expectation 


that fully reat 


understanding a patient's 
tions to CT may provide significant insight 


into the 


dynamics of his illness 


Com 
comitantly, by understanding the dynamics 
of a patient’s illness, it may be possible to 
predict the nature of his reactions to. the 
treatment and, in so doing, comprehend the 


symbolic meaning of these reactions 


It is recognized that the approach sug 


gested here differs from various monisti 


hypotheses, 
rallinek 


such as the recent attempt by 


to explain fear of ECT on the 
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basis of a temporary anmbhilation of the 


sense Of familiarity with one’s surround 
ngs and involving a loss of personal orien 
tation in space and time. Nowhere in the 
personal document presented, however, ts 
there any discernible evidence which would 


tend to support such an “existentialistic™ 


interpretation. This is not to deny the 
validity of such theorizing, but only to em 
phasize that--as with symptoms —fear re 
actions to CT may be based on differing 
constellations, 


dynam which may vary 


trom patient to patient 

\ study is currently underway to assess 
the hypothesized relationship between reac 
tion to treatment and dynamics of illness. 
This study will analyze the four fears 
delineated previously in terms of, first, what 
is known of the patient's developmental his 
tory, and, second, what is known of his 
behavior in the interpersonal context of 
While it is not 


feasible at present to discuss the method 


intensive psychotherapy. 


and findings of this supplementary study, 
it is possible to indicate that the evidence to 
date strongly supports the contention that 
the emotional ECT of this 


are dynamically 


reactions to 


particular patient deter 
mined. Accordingly, it is suggested that re 
actions to ECT are not to be considered 
either as chance phenomena, and so subject 
to no imterpretation, or as universal, and 
so) subject) monistic interpretation. 
Kather, it is proposed that particular emo 
tional reactions to treatment have arisen be 
cause of their suitability to the individual 
patient's psychic economy and that their 
meaning hes within the unconscious realm of 
It is felt that only by 
an intensive study of individual cases can 


he fully 


the patient's psyche 


such emotional reactions to ECT 
comprehended, 


Summary 


The diary of a patient undergoing elec 
troconvulsive therapy (ECT) is presented 
and the fears of treatment expressed therein 
are delineated. Four fears are discussed 
(1) fear of punishment; (2) fear of help 


lessness; (3) fear of humiliation, and (4) 
fear that the afttect the 


The idiosyneratic, or unique, 


treatment might 
patient’s mind 
aspect of such fears is emphasized and the 
hypothesis advanced that the particular form 
and content of these fears were not the 
products of chance occurrence. It is sug 
gested that the nature of such reactions to 


the meaning of these reactions can be com 


is dynamically determined and_ that 


prehended best through an understanding of 

those mechanisms which lie within the un 

conscious realm of the patient's psyche 
Financial assistance for procurement of reprints 


was provided by the Gray 
pany, Newton, Mass 


Pharmaceutical Com 
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Comparative Lucid Intervals After Amobarbital. COz. 


and Arecoline in the Chronic Schizophrenic 


4. HERSHEL FULCHER Jr., A.B.; WILLIAM J. GALLAGHER, M.D., and CARL C. PFEIFFER, M.D., 


Emory University, Ga. 


Introduction 


It has been found by numerous investi 
yators that reserpine inhibits the conditioned 
When ad 


imimistered to man, reserpine produces symp 


avoidane 


response in animals 


toms of parasympathetic (muscarinic ) 


stimulation. With these two facts in mind, 
icitter and Jenney! tested the effect of 
certain tertiary amine muscarinic stimulants 
om the conditioned avoidance responses of 


rats protected peripherally with atropine 


methylnitrate. The drugs arecoline, pilo 
carpine, and physostigmine were found to 
he effective 


inhibitors of the conditioned 


avoidance response. To test the correlation 


between the inhibition of the 


conditioned 
avoidance response in animals and the pro 
duction of “lucid intervals” * schizo 
phrenic patients, arecoline was administered 


to schizophrenic patients. Two-thirds of the 
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Bleckwenn in 


Manteno, and 
Medicine 


supported 


Hospital, 
School of 


study was part) by the 
M 875, National Insti 
National 
Health 
Medical 


t, State ot 


Institutes of 


Service; the Ges 


Research, and the 
Ilinois 


interval” was first used by 


1930 to deseribe the temporary anti 


schizophrenic effect of amobarbital administered 


intravenously.” We continue to use this term, since 


it seems superior to the term “cerebral stwmula 


tion,” “penod of contact,” “transient period of 


responsiveness,” “stupor-free period,” “mental re 
“abreaction,” 


ete, all of 


sponse,” “transitory accessibility,” 


which have been used by individual 


authors.” 


Undoubtedly, the best term would be 


“antischizophrenic effect,” if we could be certain 


a “lucid interval” is schizophrema-diminished 


interval 


patients showed an apparent reversal of the 
schizophrenic symptoms for a period of 15 
to 20 minutes. 

Several of the arecoline-induced lucid in 
tervals appeared as dramatic as those pro 
duced by the administration of amobarbital 
sodium (Amytal sodium) or by the inhala 
tion of carbon dioxide. Both of these drugs 
have been known for some time to be ef 
fective in the production of temporary re 
This 


report concerns more intensive investigations 


mission of schizophrenic symptoms 


of the comparative effectiveness of areco 


line, amobarbital, and carbon dioxide as 


. . - 
adjuvants tor psychiatric interviews of 


schizophrenic patients 


Methods 


Iwenty male and four female chronic schize 


phrenn 
to 18 
Seven 


patients, who had been hospitalized for 


vears, were chosen for these studies 


patients received the drugs im the order 


of arecoline, carbon dioxide, and amobarbital; 


seven others, im the order of carbon dioxide, 


amobarbital, and arecoline, and seven others, in 


the order of amobarbital, arecoline, and carbon 
dhoxide \ 


lowed between successive 


two- to four-day imterval was al 
administrations of the 


three drugs m any one patient 


Vethods, and Rates of 
Drugs —For the 
views, from 150 to 500 mg. of 


é Dosage 
tration of 


Adminis 
amobarbital 

10% 
administered intravenously 
The in- 


terminated 


inter 
amobarbita! 
sodium solution was 
of 5 to 
this solution 
(1) the entire 500 mg 
had 


was no longer 


at the rate 10 mg. per minute 


jection of 


was when 


had been given or 


the patient that 


become so nareotized 
accessible to mterview 
For the carbon dioxide 
of 


administered by 


mterviews a mixture 


carbon dioxide and 70% oxygen was 
YR 


means of an open-inhalation 


apparatus. This was terminated when (1) a 


total of 75 breaths had heen inhaled during a 


LUCHATY AFTER AMOBARBITAL, AND ARLCOLINI! 
four five-minute veriod regardless ot A patient's lucid imterval was classited a 
whether or not these had been inhaled consecu “fair” when he showed only light or no pet 
tively, or (2) the patient became so resistive ceptible change in those spheres of his mental statu 
that the inhalation mask could no longer be represented by the items listed under the eriterta 
maintained in firm contact with his tace by for the rating “excellent,” provided there was at 
moderate pressure least i moderate degree ot improvement im lia 
For the arecoline interviews each patient was emotional outflow and/or in his degree of rine 
given a premixed subcutaneous injection of 15 mg as indicated by a newly acquired interest CX 
of arecoline and 3 me. ot atropine methylnitrate ploring with hand and eye his own body rel the 
(AMN). The atropine methylnitrate was included objects surrounding him, or by a prompter res; 
o protect the patients trom the peripheral ettect siveness to questioning even if the content ot tu 
of the parasympathetic stimulation by arecoline, responses was essentially the same as that ot 
such as excessive salivation lefecation, and pul premyection interview 
mary edema $ patient lucid imterval was classited a 
Interview Regardless of which “poor” when there was only a. slight degree ot 
drug was administered, the interview procedure improvement im his emotional outflow or tn 
was esseritially the ine degree ot 
bach i the patients was interviewed prior to >. The lasstfication Ot me hange 4 elle 
the drug amd an attempt was made to record hi planator 
general appearance, facial expression, posture, ce 
gree of alertne and spontaneous movement, and Results 
speech content with regard to quality, quantity, 
and appropriatene Phen one of the three drugs 1 Pharmacological I: ffeets of Arecoline 
was administered ind patient’s behavior, and Mixture hese effeets meluded 
speech, and appearance in the postinjection period tachveardia, the rate in one patient bemg as 
were recorded and compared with his behavior, h 192 
speech, and appearance in the preinjection period neh as 2 per minute, and a rise im por i 
and with his habitual mental statu which had systole and diastolic blood pressure of 15 
been determined by a review of his hospital record to 40 mm, of mercury, One patient vomited 
and by the results ot sever interviews during  & minutes after a dose of 15 mg. of areco 
grant fo line and 3 mg. of AMN, and one patient 
C. Criteria for Evaluating the Quality of Lucid vomited 20 minutes after a booster dose ot 
Interva 1 A patient’s lucid interval was classi ; 
hod’ as “excellent” when the gaint showed 2 10 mg. of arecoline which had been given 
marked degree of improvement in his willingness 15 minutes after the initial imyeection ot 
und/or ability to pursue conversational goals, to arecoline and AMN Iwo other patients 
interpret simple proverbs correctly, to explain tu complained of nausea but were not observed 
course of action in various hypothetical situations to vomit during two hours following a 25 
to discuss his activities, likes, dislikes, and plans 
for the future, to relate accurately the facts ot mig. myection (initial dose and booster ) \s 
is past history, and to view his present situation noted by Vfeiffer and Jenney,' “tine 
in terms Of past events tremors, hyper retlexia, yawning, ivhing 
? A patient's lucid interval was classified as respiration and exploratory movements of 
good” when he showed at least a moderate degree the hands about the face and head” and 
criteria for the rating “excellent except witl 
regard to that portion of the interview dealing flush) were commonly observed. This last 
with his insight into his present situation, about Symptom, as well as the tachyeardia ob 
which he could be totally ignorant or unwilling to served. is attributed to the effects of the 
talk and sull have his lucid interval rated as AMN Phere was no occurrence of symp 
tons produced by the peripheral effects of 
those lucid intervals in which there was only a 
slight degree of improvement im the mental status muscarinic stimulation, i, ¢., sweating, sal 
of the patient with regard to the above spheres, vation, or detecation 
provided at the same time he showed a marked Bo Ouality of Lucid Intervals.-On the 


leyree ot mnprovement emotional outflow, as 
indicated by such behavior as laughing, crying, 
cursing, frequent sighing, facial and hand gestures 
and other attempts at more forcetul expression 


Fulcher eta 


basis of the criteria listed under “Method 
and Materials,” each of the 70 interviews ot 


this study Was evaluated according to the 


J 
be 
2 


Comparatwe Effect of Three Intervieu 
A mobarbital 
Lucid No. of Average 
Intervals Patients Dose, Mg 
Katings 
Excellent 2( 9% 315 
(100d 6 (2% 4m) 
W% 443 
Poor 6 (26% 
No change 2(9% 25) 
Totals 


Duration 280) min 


ARCHIVES OF 


Drugs m th 


NEURULOGY AND PSYCHIATR) 


yame 


Patient Population 


W% Carbon Arecoline and 


Dioxide Atropine Methylnitrate 
No. of Average No Average 
Patients Dose, No. of Patients Dose, Mg. of 
Breaths Arecoline 
1(5% 0 (0% 
3 (13% 3 (12% is 
9 4: 11 (4%) 
6 (27% 7 (R%) 
3 (14Y 44 4 (16%) 2 
22+ 25 
5-15 min -*) min 


* One patient did not receive amobarbital because obesity prevented venipuncture 


' Two patients steadfastly refused to breathe carbon dioxide. 


} One patient was tested twice with the arecoline and atropine methylnitrate mixture 


The 


were summarized 


quality of the resulting lucid interval 
results of this evaluation 


n the accompanying lable 


Comment 


the ‘Table, 


of patients who experienced useful lucid 


\s shown in the precentage 
intervals was highest with amobarbital and 


lowest with arecoline and atropine methyl 


nitrate imyection, Thus, when the results 
are evaluated in the manner illustrated im 
the ‘Table, it would appear that areeoline 


least effective of the three 


for the production of lucid mtervals in this 


was the 


drugs 
particular group of schizophrenic patients; 
however, there were several persons in whom 
arecoline produced a lucid interval, rated as 
“fair” or better, which was better than that 
produced by one or both of the other two 
drugs. 1. Two patients experienced a better 
lueid interval with arecoline than with amo 
barbital, 2 


a better 


hive other patients experienced 


lucid interval with arecoline than 


with carbon dioxide. 3 
better 


Phree other patients 


experienced a lucid interval with 


arecoline than with either amobarbital or 


carbon dioxide 
bor the purpose of psychiatric mterviews, 


a lucid interval of any degree less than 


“good,” as defined above, is, it would seem, 
of little real value, and the only three areco 


line-induced lucid intervals which received 


a rating as high as “good” were each 


matched by a better lucid interval occurring 


sO4 


in the same patient when amobarbital was 


the test drug. burthermore, 35% of the 


amobarbital-induced lucid intervals were 
rated as at least “good,” as compared with 
12% of the 


intervals receiving this rating 


only arecoline-induced lucid 
Finally, it 
has already been noted that the amobarbital 
induced lucid intervals were longer than the 
‘| hus, accord 


arecoline-induced intervals 


ing to the results of this particular study 
amobarbital is definitely superior to arecoline 
as an interview drug 

Regarding the question of the superiority 


of carbon dioxide over arecoline, it is not 


possible to answer so definitely as it 1s in the 
While the 


case of amobarbital vs. arecoline 


figures in the Vable indicate that) carbon 
dioxide slightly more effective than 
arecoline im the production of lucid intervals, 


the difference between the percentages for 


\lso, the lucid 


intervals produced by carbon dioxide were 


the two drugs is not great 


of shorter duration than those produced by 
had the 


disadvantage of almost invariably causing 


arecoline. Carbon dioxide further 
the patient to become apprehensive and_ re 
sistive to further testing regardless of whe 
ther a lucid interval was produced, whereas 


this apprehension and resistance to further 


treatment were never observed after an 
arecoline and AMN interview. For these 
reasons, therefore, it is felt that carbon 


dioxide and arecoline are probably about 
equally inferior to amobarbital as adjuvants 


1957 


= Vol 78, 


CIDITY AFTER AMOBARBITAL, CO, 


n psychiatric interviews of schizophrenic 


patients. Present trials of arecoline and 
AMN in normal human volunteers, under 
taken to determine the effect on the EEG, 
have demonstrated that 3 mg. of AMN is an 
unnecessarily high dose. Arecoline 15 mg. 
may be given with 1 mg. of AMN, in which 
case the flushing, pallor, and tachycardia are 
diminished. — Arecoline 


greatly compares 


poorly with amobarbital as an interview 
drug in both degree and duration of the 
lucid interval. However, arecoline is more 
convenient to administer, and either arecoline 
or amobarbital may be useful as a pretest to 
determine whether a lucid interval correlates 
m any way with the social rehabilitation 
produced by prolonged reserpine or chlor 
promazine therapy. 


still 


which produce a lucid interval in that its 


\recoline is unique among drugs 
mode of pharmacological action is that of 
parasympathetic stimulation of the brain 
Lucid intervals after amobarbital or carbon 
dioxide are accompanied by a complex de 
modes of 


difficult to 


pression of the brain, and their 


therefore much more 
This 


the need for 


action are 


analyze clinical action of arecoline 


indicates research studies on 


the naturally occurring metabolites which 


have a strong cerebral parasympathetic at 


tion and which may be more antischizo 


phremic than the presently available tranquil 


izing drugs 


Summary 


\ rigid experimental design was used to 


determine the relative effectiveness of amo 


barbital, carbon dioxide (3007), and areco 


lime as interview drugs in chronic 


schizophrenics Therapy was purposely 
staggered so that eight patients received one 
f the three agents as their first medication. 
The interviews were standardized, and defi 
nite criteria were established for rating the 
drug effects in five categories. The peripheral 
effects of arecoline 


parasympathetic were 


prevented by the simultaneous subcutaneous 


AND ARECOLIN1! 


dose of 3 mg. of atropine methylnitrat 
This dose is, however, unnecessarily large, 
recommended, A 


and therefore 1 mg. ts 


“fair’’-or-better lucid interval was obtained 
amobarbital in 650 of the 
30% 


patients, and with arecoline plus 


with patients, 


with carbon dioxide 596, of the 


The 


interest 


methylnitrate in 5600 of the patient 


mixture last mentioned is of great 
because its action is that of parasympathety 
stimulation of the brain, whereas both amo 
barbital and carbon dioxide are 


more com 


| his 


more re 


plex in their pharmacological action 


comparative study indicates that 


search effort should be expended on the 


naturally occurring metabolites which have 
cerebral stimulant 


parasympatheti action 


and which may be more antischizophreni 


than the presently available tranquillizing 


drugs 
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Epinephrine and Arterenol (Norepinephrine) in 


Mental Disease 


Plasma and Cerebrospinal Fluid Concentrations 


WILLIAM M. MANGER, M.D.; BERT E. SCHWARZ, M.D.; CONRAD W. BAARS, M.D.; 
KHALIL G. WAKIM, M.D., Ph.D.; JESSE L. BOLLMAN, M.D.; MAGNUS C. PETERSEN, M.D., and 


JOSEPH BERKSON, M.D., Rochester, Minn. 


With improvements and advancements in 
methodology and precision instruments, the 
earch for abnormal coneentrations of vari 


ous chemicals in with mental dis 


patients 


orders has been intensified. relationship 


ot the svinpatheticoadrenal system and 


endogenou epinephrine arterenol 


(norepinephrine) to emotion and mental 


disease has been suggested by numerous 
investigators.) 


Lecause of the repeated assertion that the 
reactivity of the sympatheticoadrenal sys 


tem is altered in) some mental disorders, 
quantitation of the plasma pressor amines 
seemed clearly imdicated in certain psychi 
With the 
Weil- Malherbe and 


the modification devised in our laboratory,™4 


itric conditions 


fluorometri: 


is 


Rone and 


it has been possible to quantitate epinephrine 
ind arterenol in the plasma of normal sub 


jects and psychiatric patients undergoing 


everal forms of “stress” and treatment 


In addition, the pressor amines in cerebro 
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national Phy siological Congres 
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the degree of Doctor of 


Philosophy im 
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spinal tluid have been estimated in a variety 
of patients 


l'rom the analysis of plasma extracts by 
the method of paper chromatography fol 
lowed by elution and fluorometric quantita 


tion, this fluorometric method appears to 


be rather specific. However, as we have 
stated previously,'® it is probable that plasma 
contains substances other than epinephrine 
arterenol 


and which are extracted by the 


of Weil-Malherbe 


produce fluorescence that may cause a small 


method and Bone and 
error in the quantitation of these pressor 


amines 
In order to test the 


method, 16 


accuracy ot the 


recovery determinations were 
made in which known amounts of the sub 
stances to be assayed were added to plasma 
then estimated as 


and unknowns. lor the 


assay of epinephrine, with a mean concen 


tration of 1OOy per liter, the standard 
deviation of the errors of determination 
was 1.4, or 144, measured as a coefficrent 


of variation. lor arterenol, with a mean 


concentration of 18 ly, the standard devia 


tion of the errors was 4.0, corresponding 


to a coefficient of variation of 2207. Vor 
the assay of total epinephrine-like sub 


stance,* as was to be expected, since this 


*“Epinephrine-like substance” signifies the con 


centration equivalent to the fluorescence in the 


plasma if it were due entirely to epinephrine 


Usually epinephrine and arterenol are present im 


plasma Since we have found that the fluorescence 
of arterenol is only about one-third that of epinepl 
rine, the epinephrine-like substance is less thar 
the sum of the concentrations of epinephrine and 


arterenol when both are present 


: 


EPINEPHRINE AND ARTERENOL IN 


analysis involves fewer technical manipula- 
tions, the error was smaller than that for 
either of the specific constituents; the mean 
concentration was 15.3y and the standard 
was 1.7, relative 


11%. 


deviation representing a 


eTTror of 


Effect of Mescaline and LSD-25 


‘fistorical Background 
In 1953 Liddell 
ported the effects of 


eil Malherbe re 


Intravenous 


and 
adminis 
tration of methamphetamine hydrochloride 
Meth 
edrine), 40 to 60 mg., and d-lysergic acid 
diethylamide (LLSD-25), 40 to 60y, on the 


d-desoxyephedrine hydrochloride; 


mental processes and epinephrine-like sub 
stance in the blood of a group of patients 
After a brief in 


inal period of relaxation, both drugs inten 


with mental disorders.'® 


~thed the symptomatology and accentuated 
the 
methamphetamine seemed more effective in 


the clinical picture In doses used, 


mereasing tension and causing cataleptic 


phenomena and abreaction and in uncover 
ing Also, in 
phrenic patients methamphetamine induced 


delusional material schizo 
hallucinations more readily than did L.SD-25 
Insomnia was frequent after use of meth 
amphetamine, but rapid swings of mood 
with predominant euphoria were noted only 
after LSD-25 


changes in concentration of pressor amines 


use of Similarities of 
were observed after administration of these 


drugs. For example, after administration 
of methamphetamine the concentration of 
epinephrine-like substance usually imereased 
promptly and then deereased to less than 
the control value; later there 


was a slight 


secondary imcrease to more than the control 


value. Some of the patients given metham 
phetamine, however, experienced no initial 
nerease in concentration of pressor amines 
but, rather, a decrease followed by an in 
crease. Both these patterns of change in 
after intra 
LSD-25, but the 
changes with this drug occurred more rap 
idly than When 


three 


concentration were observed 


venous administration of 
with methamphetamine 


was administered orally to 


Veamaer et al 


MENTAL DISEASI! 


patients, only the imtial rise, followed by a 


fall and secondary rise in concentration of 


epinephrine-like substance, was observed 
The rate of change in concentration was 
much more gradual after oral than after 
intravenous administration. Hyperglycemia 
was noted after the use of methampheta 
mine only if there was an initial increase 
of pressor amine, but no particularly sig 
nificant rise in concentration of blood sugar 
was noted after use of LSD-25 

We 
changes in concentration of plasma pressor 
that the 


mescaline and LSID-25 to normal subjects 


were interested comparing — the 


amines follow administration of 


with corresponding changes in patients with 


mental disorders. A difference in the pat 


tern of change between these two groups 
would demonstrate a derangement of phys 


iochemical responsiveness in patients with 


certain mental disorders 


Procedure 


Samples of venous blood were obtained fron 


fasting healthy male volunteers Call) physicians) 


after an imtial period of 20 to 30 minutes at rest 


viven either 400 


Immediately thereafter they were 


me. of mesealine or 50y of orally 


Samples were again obtamed trom the antecubital 


ven! approximately one-half, one, and two hours 


later For yreater accuracy, dupheate determina 


tions of epimephrine-like substance were made on 


drawn one hour after 
Bort! 


the 


all saniples except these 


administration of the drug epinephrine and 


arterenol were quantitated obtamer 


ample 


hour after drug hie blow! 


pressure and pulse rate were repeatedly determined 


The subjects were required to remaim seated during 


the period of observation, and psychologic, pliysie 


and clectroe ephalog raph were 


recorded. In addition, the reversibilit it " 


duced psychoses by the administration of chlorpre 


mazine was noted and has been reported on | 


Schwarz and 


nussociate 


Neither nie 
fluore SCeTICE 


caline nor LSI)-2 caused at 


when added in fairly large concentra 


tions to sample whicl 


titated 


of plasma, were then 


im the usual AN and 


artereno! 

healthy 
Fables | 
Pables and 


norker 


Key to correspondence of olunteer 


drug and 


receiving ented im and 2 
of thi 


repre 


paper to those represented in 


of the paper by Schwarz and co 
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LPINEPHRINE AND ARTERENOL IN MENTAL DISEASI 


Table 1 ( Mescaline ) 
No. of Subject 
Schwarz and Manger ated 
Co-Workers Co-Workers 


5-10 
lable 2 (LSD-25) 
No. of Subject 
Schwarz and Manger and 
Co-Workers Co-Workers 
12 


Under very sumilar conditions the effect of mesea 


line and, later, of was noted in four ps 

chotic patients, who remamed recumbent durimy 
the period ot observation The effect of these 
drugs on depth electrograms in two of these pa 

tients has been reported by Schwarz and asso 

E z 8 ; ciates."§ The effect of mescaline and LS1T)-2 

lable ( Mesealine ) 

No. of Subject 

Schwarz and Manger and 

3:2 Co-Workers Co-Worker 

| 3 | 


} 
Fable 2 (LSD-25) 


No. of Subject 


| i 
Schwarz and Manger and 
Co-Workers Co-Worker 
; 

) 


on the concentration ot plasma pressor aniune 


line was admir 


the dow wa also noted 
Finally, blood samples trom two healthy volun 
teers not receiving any medication were obtain 


at the same time intervals as those mentioned above 


ind were analyzed for concentration of epmeplirine 
like substance 

The observations made are recorded im 
Tables 1 and 2 


Results 


The observation on comcentration of 
pressor amines various time intervals 


are graphically represented for 


and LSD-25 in Figures 1 and 2, respe 
tively. There was no remarkable change in 


these concentrations in any of the group 


8 Ke to correspondence of psychotic patient 


represented im Tables 1 and 2 of this paper to 


those repre ented in Table 1 and oft the paper 


by Schwarz and co-worker 
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EPINEPHRINE AND ARTERENOL IN MENTAL DISEASI 


whether a clear-cut difference in this bie 


a 5 chemical response to mescaline exists be 
2b + ealthy 
tween normal and psychotic subjects 
ee J In Table 3 are recorded the mean, the 
Ss 3 standard error of the mean, and the stand 
2h 4 Psychots ard deviation for the concentration of epi 
nephrine like substance before (contro 
| I value) and after administration of mescaline 
| and LSD-25. Also recorded are similar 
Sut s+ determinations on the differences betwee: 
—J the concentration of epinephrine-like sub 
= stance one-half, one, and two hours after 
4 
Two healthy volunteers not recewing Mescaline administration of mescaline and 

and the control concentration 


minutes 


big. 1--Effect of mescaline on plasma pressor 
Sal 

imines 

4 


studied except in the healthy volunteers 2 | 
one-half and two hours after receiving } 4 Paychots 
mescaline. At the one-half hour time in 


terval the concentration of epinephrine-like 

substance in the plasma was greater than % 

the control concentration in 9 of the 10. 

volunteers receiving mescaline. The eleva minutes 
tion of the mean concentration of epineph 
rine-like substance one-half and two hours & | 
after administration of mescaline was found — « A 

to be of definite statistical significance — 


However, because of the small series, this 
Fig. of LSD-25 on plasma presse 


study should be extended to determine amine 


Tasie 3.—Statistical Data on Concentration, in Micrograms per Liter of Plasma, of 
Epinephrine-like Substance Before (Control Value) and After Administration 
tf Mescaline and LSD-25 


Hours After Drug Administered 


Differences from Control 
Mesealine 


volunteer 


4 psychotic 


ll volunteer 


4 psychotic 


* SEM, standard error of mean 
1 SD, standard deviation 
t Caleulations hased on nine Hhunteer with mean for centrol values of 1.0 


eta 


tealthy 
= “Se. volunteers 
a 
(es 
SEM* 0.21 O40 O50 Ol 
19 1.7 1.6 On 74 O40 
0.22 0.20 0.12 0.12 0.2% 0.14 
0.3% O44 0.2 0.24 om 
0.20 O17 0.18 021 01M 018 0.28 
(), 26 0.14 0.20 0.20 0.21 O42 0.82 
14 
4 


M.A 


Inspection of Table 3 discloses that for 


the volunteers (normal subjects) treated 


with mescaline there is a rise in the con 


centration — of epinephrine like substance, 
whereas there is no rise, and in fact a de 
crease, in concentration in all other subjects 
viven mescaline or lysergic acid. However, 
only the rise in plasma concentration of 
epinephrine-like substance in normal sub 


jects one-half and two hours after admin 


stration of mescaline 1s statistically 
ind 3.4 standard errors, 
ponding to P<O0.001 ) 

Both 


quantitated im the 


(the mean differences being 3.9 


times their corre 


epinephrine and arterenol were 


samples obtained one 


hour after the drugs had been given, and 
ne deviation from the concentrations in nor 


mal subjects was noted 


Effect of Methacholine on Blood Pressure 
and Plasma Pressor Amines 


/listorwal Background 


In 1948 bFunkenstem and co-workers re 


ported the various types of response of the 


systole blood pressure that followed 


intravenous injection of epinephrine or 


niramuseular injection of methacholine 


Mecholyl) in patients with mental disease 


and in normal subjects.’ From their results 


they classified — the responses into 


that 


seven 


groups. They claimed 80° of the 


normal subjects showed only a moderate 


or slight fall in systolic pressure with return 
tor the premyection level either promptly or 
after intramuscular ad 


within 25 minutes 


ministration of mg. of methacholine 
20% of the 


type of 


Hlowever, only mentally il 


showed this response. They also 


stated) that the response to electroshock 
therapy could be predicted more accurately 
trom the response of the blood pressure to 
and than from 


methacholine epinephrine 


the psychiatric diagnosis. For example, the 
patients with mental disease who showed a 
marked fall in blood pressure and prolonged 
hypotension following the administration of 


methacholine sometimes accompanied by a 


wi 


ARCHIVES OF 


NEUROLOGY AND PSYCHIATR) 


to electroshock therapy. After such therapy 


appeared to respond most favorably 


the condition of 75% of the patients having 


a decreased reaction to methacholine and 


YO™G of those having a decrease in basal 


Phe 


frequently 


blood pressure Was improved follow 
ng 


noted after electroshock therapy 


autonomic changes wert 


creased reaction to intravenous administra 
tion of epinephrine, (2) de reased response 
(3) 
Funkenstein and collabora 
belief that the 
electroshock 


SV mpatheti 


lo methacholine, and decreased basal 
blood pressure 
over all 


basal 


read 


tors expressed the 


effect of was to lowet 


tension and increase the 
tivity of the sympathetic nervous system to 
reactivity of the 


stimulation Decreased 


parasympathetic system was often a corol 


lary 
In 1950 the same authors reported that 


changes noted in the response of their 


patients to epinephrine and methacholine 


were not specific but occurred with several 
types of therapy and spontaneous changes 
in the psychologic picture.” They further 
claimed that change in the psychologic con 
dition of the patient seemed to accompany 
change in the physiologic response. Later, 
in 1951, they reported that the response of 
mental patients to electroshock therapy and 
differed; 
belief that testing psychiatric patients with 


‘ ould 


information on which to base the choice of 
21 


insulins coma they expressed the 


epinephrine and methacholine furnish 


therapy In 1952 these authors reported 
that their psychiatric patients with elevation 


caused a 


of blood pressure fell into two groups 


those in) whom methacholine 
marked fall in blood pressure that persisted 
through a 25-minute period and (2) those 
in Whom methacholine caused only 
fall in blood 


premyection 


a slight 


pressure, with return to the 
level 


Their findings suggested that the 


within 25  minutes.** 


marked 
indi 


and prolonged hypotensive response 


cated the presence of an excess quantity of 


epinephrine in the blood. A. slight fall with 
rapid restoration of homeostasis suggested 


bet JO57 


EPINEPHRINE AND ARTERENO!I 


IN 


the presence Of an eXcess 


quantity of 


arterenol 


Gellhorn studied the effects of methacho 


line in the cat and stated that the larger the 
dose the more 


prolonged the depressor 


action He observed that the sympathet 


response Is evoked Via the 


nerves ** and occurs when the fall in blood 


From additional 


pressure Is considerable 
studies he concluded that “the degree and 
particularly the duration of the hypotensive 


action of 


mecholyl and the retlexly induced 


discharges ot the sympathetico adrenal sys 
tem depend on the hypothalamus.” *° He 
further stated “Apparently conditions 
leading to increased sympathetic discharges 
of the hypothalamus as thi 


trical or 


result of elec 


chemical stimulation 


augment the 
responsiveness of the sympathetico-adrenal 
mecholyl and lead ti 


return of the blood 


vstem to a quicker 


pressure and/or an 


mi pre nsalory 


Procedure 


hy pertensiz 


phas. 


In view of the findings and hypotheses of the 
above investigators, we decided to study the effect 
of the mtramuscular administration of 10 mg. of 
methacholine on the concentration of plasma 
pressor amines in patients with various psychiatric 


conditions wenty-one 


ibjects Call fasting) were 
studied, and the observations 


in Table 4 


made are presented 


In most of these 


patients, an mdwelling 
needle equipped with a stylet was used so that 
blood samples could be obtained at any desired 
time without repeated venous puncture Only two 
if these subject 17 and 20) had hypertensive 


hasal blood pressure 
Ri sults 
Phe three characteristic 


to the 


administration of 


Lypes at 


pressure Tespotise 


methacholine are shown in 


igure 3; the 


records are from three different subjects 


Phe response of the normoreactor, following 
intramuscular administration of 10 mg. of 
methacholine, consists of 


blood 


basal level within 10 minutes 


“4 drop of the 


systole pressure with restoration to 
The response 
of the hyporeactor induced by methacholine 
consists of a drop in systolic blood pressure 


without restoration to basal level within 10 


minutes 


Phe response of the hyperreactor 


Vanauer et a 


VENTAI 


DISEASI 


vy ¥ 
r 
” 
> a 
« 
a 
4 
oO 
oO . » e 
4 * ee? 
) 
4 
> 
we w 
P 
MINUTES AFTER 1M. MECHOLYI 
hag lypes ot blood pressure re pomse to ad 
mistration ot ethacholime 


is characterized by a drop in blow pressure 


al level 


empirical classifications which 


followed by a rise above ba 
These are 


represented the blood pressure responses ot 


nearly all the subjects tested. One subject, 
after injection of methacholine, exhibited 
a Slight imtial rise in blood pressure fol 
lowed within one to two minutes by a tall 


in pressure below and subsequent recovery 
to the basal level This type of blood pre 
bunk 


and is not 


sure response Was not mentioned by 


enstein and co-workers #4 
represented by any of our three classifica 
Only Table 4) 
age 34) in this 


since the subsequent pattern of blood pres 


tions Subject 


(normal 


man, reacted 


manner, and 
sure response was of the hyporeactor type 
he was classified in the hyporeactor group 
\nother man (Subject 3), age 37, had an 
immediate and persistent rise in blood pres 
sure injection of 


(after 


following methacholine, 


and only gradually seven minutes ) 
did the pressure return to the basal level 


This latter response was considered hyper 
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Blood Pressure Reaction 
yubstane 


Vy Subjects 


Hy poreactor 
Normal 
Psychoneurosis 
Psychos 


Normoreactor 
Normal 
Personality disorder 
Paychosi 


Hy perreactor 
Normal? [thyrotoxicosis” 
Personality disorder 
Psychoneurost 
Vsychost 


end of 4d from start of 4th minute to end of 5th 


reactor in type, though atypical All the 


had 
eneed profuse sweating within one minute 
atter 


subjects excess salivation and expert 


methacholine was administered intra 
miuseularly 


Table 5 reveals the blood pressure reac 


thon and per cent change in epinephrine-like 
substance inp blood samples secured one to 
three and three to five minutes after metha 


had 


Only Loft the 11 psychotic patients and none 


choline been given intramuscularly 


of the 5 psychoneurotic patients showed the 


blood pressure response of a normoreactot 


In a sertes of 100 tests with methacholine, one 
(¢ W 


mediate 


this 
blood 

patients. All 
either as the 


encountered type of im 


paradoxical rise of pressure four 


times in tour different four showed 


marked anxiety main symptom of 


their illness of 


hecause it had been precipitated 


by electroshock on carbon dioxide inhalation 


\fter the 


«lis ared ats 


therapy anxiety had diminished or 
a result oft therapy, the 


itself \ 


atypical 


paradox al 
hot again manitest 


this 


further pos 
si bole 


explanation aot reaction sug 
vested itself five months after it had been observed 
in Subject 3 (Table 4), 


heat 


when lus already existing 


mptoms of intolerance and fatigue became 


marked 


nd chagnosis ot 


more persistent tachycardia developed, 


toxic goiter was made. There 


Wats Tht 
test \ 


treatment 


anxiety at the 


time of this methacholine 


repeat test, however, four months after 


with radioactive iodine, which resulted 


in marked clinical 


and ( onsiderable 


drop in the basal metabolic rate, showed a response 


tvpreal of the group with normal reactivity. to 


methacholine 


ARCHIVES OF 


and Per 
m Plasma Following Intramuscular Administration of 


of Methacholine 


* The mean change from the corresponding control values expressed as per cent of control mean 
ire statistically significant, since all other values are based on only three or less determinations. 1 3 


VEUROLOGY AND) PSYCHIATRY 


Cent Change * 


m pinephrine-ltk: 


E pinephrine-like 
Substance 


After 1-3 Min 


Only values followed by a dagger 
from start of 24 minute to 


Analysis of the results revealed no apparent 
change in concentration of plasma pressor 
amines that was consistent with any special 
pattern. There was no apparent correlation 
of the subjects’ diagnosis with the type of 
blood pressure reaction to methacholine, 
and there was no indication that the type 
of blood pressure response was related to 
the concentrations of epinephrine and ar 


terenol in the plasma 


Effect of Electroshock Therapy on Blood 
Pressure and Plasma Pressor Amines 


Historical Background 


The effect of electroshock therapy on the 
concentrations of plasma epinephrine and 
arterenol in man was reported in 1955 by 


Weil- Malherbe 27 He cited 
that in 


also observa 


tions by others various animals 


electroshock was followed by a= in 
blood pressure, hyperglycemia, lymphopenia, 
cosinopenia (in psychotics and psychoneu 
rotic patients), pupillary dilation, contrac 


tion of the mictitating membrane, and 
depletion of pressor amines im the adrenal 
Weil-Malherbe found that without 
previous medication the application of 90 
to 120 volts for 04 to 0.5 


an increase in’ both epinephrine 


medulla 


ond aused 


and arter 


enol in patients. After premedication with 


hexobarbital sodium soluble Hexobarbi 


tone), the concentration of both substances 


After 3-5 Min 
! 
$ 9.1 
20.2 20.5 
12.5 
0 
23.4 
13.6 
2 3 25.0) 
5 6.5+ 
== = 
| | Vol. 78, Oct., 1957 


LPINEPHRINE AND ARTERENOL IN MENTAL DISEASI 
Tarte 6.—Effect of Electroshock on Blood Pressure and Plasma Pressor Amines m Twelve PI sychoti 
Pattents * 
Age, Diagnosis and Physical Flectroshock 
Patient Sex Prominent Symptoms Examination Therapy § 
3s Schizophrenia, paranoid): extremely Normal (100/60; 70 sth EsT, 500 ma sone mm 
agitated twitchings 
2 [Schizophrenia, catatonic]: very with- Normal (110,60; 72 EST, 450 ma., (irae 
F drawn and negativistic 4 reaction 
410 [Schizophrenia, paranoid]: somatic de- Normal (120/80; 72 znd EST, 500 ma., 0 
M lusions, moderate depression 2 reaction 
4 [Psychotic depressive reaction}: paces Normal (160/80, 72 4th EST, 450 ma., 0.5 Cirnete 
M floor, insomnia, weight loss 2 reaction 
[Schizophrenia, paranoid): ideas of per- Normal (122 82; 7th EST, 500 ma., 0.5 sec.; Grade 
k secution, flat affect 2 reaction 
‘ 4) [Schizophrenia, chronic undiff.): mute, Thrombophlebitis, left leg (142 oth EST, 575 ma., 0.7 see; Grade 
M silly grin; masturbates 4; 2 4 reaction 
74 [Psychotic depressive reaction Normal (154/78; S82 i2th EST, 550 ma., 0.7 sec, Cirnce 
M | reaction 
$2 [Schizophrenia, ehronie undiff.|: halt Thoracic kyphoscoliosis th EST, 450 ma., 0.5 sec., Cirade 
M ing, illogical speech; flat affect; many 100, 70; 72 | reaction 
mhanherisins 
[Schizophrenia, paranoid): delusions Normal (120/00, 76 Ath EST, 550 ma., 0.5 sec., Grade 
M of persecution, had threatened to kill 2 reaction 
mother 
Schizophrenia schizoaffective] at Dermatographia (110 70; 80 t EST, 500 ma., 0.5 Grade 
M tempted suicide by sticking forks in 4 reaction 
head 
25 [Schizophrenia paranoid hears Marked scoliosis (105 7 ith EST, 500 ma, 0.5 see, no 
M gypsies talking to bim twitchings 
2 $} [Mild mental deficiency, idiopathic Prefrontal lobotomy sear 7th EST, 500 ma., 0.5 sec, Cirade 
I with psychotic reaction; I.Q. 76) 132/85, 7 2 reaction 
Believes people trying to kill her, is 
homicidal —bilateral prefrontal lobo 
tomy 8 yr. ago, without improvement 
Mean of total and standard error of mean 
* Abbreviations: BP, blood pressure; EST, electroshock therapy; ELS, epinephrinedlike substance, Epi., epinephrine, Art 
urterenol, Ma., milliampere 
+ Diagnosis prior to electroshock treatment given in brackets 
t Blood pressure and pulse rate in parentheses 
& Grade 1, slight twitching; Grade 2, moderate muscular activity: Grade 4, marked muscular activity, Girade 4, generalized con 
vulsive seizure 
# Concentrations prior to administration of premedication—all other quantitations were made after 4 ml. of a 2.5 % solution o 
thiopental sodium and 20 mg. of succinyleholine chloride were administered intravenously 
became clevated subsequent to the appli a Results 
tion of electrosho« k therapy, but to a less The effect of ecleetroshock on plasma 


degree than without premedication lhe 
addition of a muscle paralyzant to. this 
preliminary medication did not alter the 


liberation of pressor amines 


Procedure 


We have quantitated the concentration of epinepl 


rine and arterenol in samples of blood obtained 
immediately before and as soon after electroshock 
(within one to two minutes) as practicable in 12 
psychotic patients (Table 6). All of these patients 
were given 4 ml. of a 2.5% solution of thiopental 
sodium and 20 mg. of succinylcholine chloride just 
prior to electrosho k to minimize the muscular 


contractions 


Vanger et 


pressor amines and blood pressure ts graph 
1, where the 
results appear in the same order as Pable 


6. Itis apparent that electroshock invariably 


ically represented bigure 


in 
causes an elevation in the concentration of 
epinephrine, whereas the arterenol increased 
Ihe 
all 


in seven and decreased in tive patients 
substance 
Patient 


increased in 
had 


owing to the diminution of 


epinephrine: like 


patients except in who 


slight decrease 
Patients | and 2 the concen 


arterenol. In 


tration of epinephrine decreased and. the 


coneentration of arterenol mnecreased follow 


Wy, 


= 
3 
a 
= 
a 
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EST ES’ 
— After EST 
EST at Present BP ELS Epi Art ELS Epi Art BP 
Ke tmission 72 2.04 4.7% $.2 i4 


Poor, still 
hensive 


withdrawn and appre O54 


fewer somatic delusions 


Ke tnission 


Fair; less anxiety but still quite 13 OA 4.4 


Falr to good, not as retarded and 2.2 0.7 5A 42 1.4 Wt 170/98 
repressed, eating and gaining 70/9 
weight 


(iood, less retarded and depressed 14 54 4 11 47 
no longer stuporous and ineont! 
nent of urine 


no change, same after isth 147 3.7 09 4.0 118/7 


Poor 


oor, noe change 


depression 


Kermission, rapid response to 124.74 04 in 25 140/70 


No improvement $.4 14 7.4 4.1 049 148 60 


ing premedication with thiopental ( Vento — 
thal) sodium and suceinyleholine (Anectine) 


chloride, a muscle relaxant. Samples prior * | 


to premedication were not obtained in’ the 


remaining patients, and therefore the sig 


nificance of the alterations of concentration 


of epinephrine and arterenol in’ Patients 1 


and 2 following administration of thiopental 


and sucecinyleholine ts uncertain, Patient 2 


was acutely disturbed when the blood sample 


was obtained, just) before premedication 


In all patients the systolic blood pressure 


was unmediately increased by electroshock, 


whereas the diastolic response was variable. ~~ 


It is noteworthy that the patients showing = « i 


no clinical improvement invariably had only 


very slight changes in blood pressure 


| 


Pressor Amines in Cerebrospinal Fluid | q | 
/listorical Background 1 


In 1954 Weil-Malherbe and Liddell first Fig. 4—Effect of electroshock on plasma pres 
sor amines and blood pressure in 12 psychotic pa 
tients 


quantitated epinephrine and arterenol in 


408 


174 245 134 5.5 
75 11 0.2 3.3 0.7 $.2 180,70 
1.3 0.1 4.4 2.2 
| 
lol. 78&, Oct., 1957 


EPINEPHRINE AND ARTERENOL IN 


cerebrospinal fluid.2* The concentration of 
pressor amines in fluid removed at encepha 
lography was determined in nine patients 
with suspected organic lesions of the brain 
and in nine male schizophrenic patients, 
three of whom had undergone leukotomy. 
They found that the concentration of epi 
nephrine and of arterenol in cerebrospinal 
fluid was the same in the two groups, but 
lower than in venous plasma 

The ratio of epinephrine to arterenol in 
the cerebrospinal fluid and plasma was the 
same in the two groups, epinephrine repre 
sum of these 


senting 25% of the pressor 


amines. However, the plasma concentration 


of pressor amines was lower in- schizo 


phrenic patients than those without 


schizophrenia It was concluded that cere 
brospinal fluid is not merely an ultrafiltrate 
of plasma but, rather, 1s a product of epi 
functions 


Walter, in 


1929, which indicated a decrease in permea 


thelium with specific 


cited the 


secretory 
They also work of 
bility of the blood-brain barrier, as meas 
ured by the bromide test, in schizophrenia 
\ccordingly, they would have expected a 
concentration of 
fluid of the 


schizophrenic patients (if the level of these 


decrease the pressor 


amines in the cerebrospinal 


amines depended on the same mechanism 


as that measured by the bromide test), 


especially since the plasma concentrations 


Paste 7.-L-pmephrine-like Substance m 

Personality 

Disorder Psychoneurosis 

3 Patients 4 Patient 
os 


1.1 


Mean § 1.24.4 1.2403 


Chronic brain syndrome «organic disease of the brain, 
Cause of mental deficiency anknown 
Cerebrospinal fluid: 120 mg. of protein per 106 e¢ 
Number after + is standard error of mean 


Viana yr eta 


Psaychosi 
Patients 


and colloidal gold reaction positive 


MENTAL 


were lower the schizophrenic patients 


than in other subjects. 


Procedure 


We quantitated the substance 


epmephrine-like 
in the cerebrospinal fluid, obtained by introducing a 
into the cisterna 
(Table In all of 


with a 


needle magna, Of 22) patients 


these patients except one, 


chronic bram syndrome, the results of 
routine examination ot the cerebrospinal fluid, im 


cluding cell count, determination of total protein, 


and Wassermann test, were normal The mean 
and standard deviation of the mean were determined 


for each group 
Results 
that the 


with mental deficiency have a lower mean 


than the 


findings indicate 


pritienits 


concentration other 


groups, for 
instance, O.Sy per liter for mental deficiency 


as contrasted with 1.2y for personality dis 


ordet However, analysis of our” results 


shows that the differences in concentration 
of epinephrine-lke substance in the cerebro 
groups 
sigmiheant im light of the 


spinal fluid of the five studied are 


not statistically 


considerable variability. of the values and 


the small number of patients included 


€ With the method of Weil-Malherbe and Bone, 


the recovery of epimephrine and arterenol from 


cerebrospinal fluid was found to be about 10% 


less than that from plasma. A correction for thi 


recovery deficit was made when the 


concentration 


in the cerebrospinal fluud were calculated 


Cerebrospmal Miurograms per Liter 


Chronic Brain Mental 
“yndrome * Deficiency 
Patient 2 Patient 


ou 


normal in all other patients 


- 

A 

3 

. 

| 
17 
0.840 


A 


A 


Comment 


Mescaline and LSD-25.—The 


mean 


Lffect of 
significance of the increase in the 
concentration of epinephrine-like substance 
in the plasma of normal subjects one-half 
and two hours after the oral administration 
of mescaline is uncertain, It is attractive to 
wonder whether some of the symptomatol 
ogy which the drug produced in these sub 
jects could have been related to an aberration 
The fact that 


concentration of 


of pressor amine metabolism 


no increase in the mean 
epinephrine-like substance oceurred in four 
patients with mental disease after adminis 
tration of mescaline suggests that a differ 
ence may exist between physiochemical 
responsiveness of some psychiatric patients 
and of normal subjects 


of Methacholine on Blood Pres 
Amines.—-|t 1s 


I: fhect 


sure and Plasma Pressor 
apparent that 10 mg. of methacholine given 
intramuscularly did not significantly alter 
the concentration of epinephrine-like sub 
stance. This was not surprising, since the 
hypotension following administration of this 
drug is usually slight and apparently not 
adequate to initiate a strong sympathetico 
establish 


discharge in order to 


will be recalled that Gell 


adrenal 
homeostasis. It 
horn’'s observations on the release of pressor 
substance after administration of methacho 
and he indicated 
liberated 


line were made in the cat, 
after 


that substance was 


a “considerable” drop in’ blood pressure.” 


pl cessor 


In the presence of marked hypotension it 
has been found by chemical quantitation 


that there may be considerable liberation of 


pressor amines It is also known. that 
acetylcholine and some related substances 
can cause liberation of these amines.*?*! 


Phe dose of methacholine given to our sub 
jects may have been too small to cause sig 
nificant secretion of pressor amines by the 
sympatheticoadrenal system Also it is pos 


sible 


pressor 


that liberation of a small amount of 


substance from sympathetic nerve 


terminals may have occurred within the 


tissues where it was almost entirely de 


Ho 
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ANI) PSYCHIATR) 


stroyed, with littke or none reaching the 


blood 

We have not found any evidence to sup 
port the concepts expressed by lunkenstein 
and co-workers or Gellhorn that the metha 
choline test 1s a measure of sympathetico 
At least the results of this 
did not 


adrenal activity 


test as described for man appear 
correlated with the concentration of plasma 
pressor amines in this small series 

Effect of Electroshock on Blood Pressure 
It had been 


hoped that the responsiveness of the sympa 


and Plasma Pressor Amines 


theticoadrenal system to electroshock (as 
reflected by the increase in plasma pressor 
used as a 
that the 


pressor amines liberated or the blood pres 


amines) might be prognostic 


guide. It is evident amount of 


sure response following electroshock could 
not be correlated with the clinical state of 


the patient or the severity of muscular 


contractions at the time of therapy. How 


ever, whether any prognostic information 


can be gained from quantitating plasma 


pressor amines in psychotic patients under 
going 
conclusively settled without repeated obser 


electroshock therapy cannot — be 
vations in a much larger series of patients 
Pressor Amines in Cerebrospinal Fluid 
All the mean concentrations of epinephrine 
like substance in cerebrospinal fluid were 
lower than the mean plasma concentrations 
The 


finding that the patients with mental defi 


in both normal and psychotic subjects 


ciency have a lower mean concentration of 
epinephrine-like substance than the other 
groups studied is interesting in view of the 
Weil- Malherbe ** that the 


concentration of plasma epinephrine is lower 


report by mean 
in patients with mental deficiency than in 
those with other conditions studied. How 
ever, quantitation of pressor amines in the 
cerebrospinal fluid of a larger namber of 
subjects is indicated before any conclusions 


can be drawn 
Summary 


A modification of the fluorometric method 
of Weil-Malherbe and 


Bone was used to 


| 
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EPINEPHRINE AND ARTERENOL IN 


quantitate pressor amines in venous plasma 


of healthy volunteers and patients with 
mental disease, and in cerebrospinal fluid 
of subjects with various psychiatric condi 
tions. After control samples of blood were 
obtained, 10 healthy volunteers and 4 psy 
chotic patients in basal state were given 400 
mg of mescaline orally and blood samples 
drawn one-half, one, and two hours there 
after. An identical study was made on 11 
healthy volunteers and 4 psychotic patients 
after oral administration of 50y of lysergn 


acid diethylamide (LSD-25) Personality 


disturbances occurred in all volunteers; yet 
little change was observed in psychotic pa 
tients. No remarkable change in blood pres 
The 


concentration of epinephrine-like substance 


sure oor pulse oecurred mean 


in the plasma in the healthy volunteers was 


significantly increased one-half and two 


hours after administration of mescaline 
Phere was no rise in mean concentration of 
epinephrine-like substance in any other sub 
jects given mescaline or lysergic acid 
Intramuscular administration of metha 
choline (10 mg.) in 1&8 psychiatric patients 
and 3 healthy volunteers caused no signifi 
cant change, from control values, in con 
centration of epinephrine-like substance im 
samples obtained at intervals ranging from 
one to five minutes after the drug had been 


blood 


changes and other effeets of methacholine 


administered and after the pressure 
were evident 

All 12 patients given clectroshock therapy 
had significant transient increase of 
plasma epinephrine, whereas arterenol in 


\fter elec 


amines fre 


creased significantly in only 5 


troshock, the plasma pressor 
quently reached the concentrations that were 
obtained in some patients with pheochrome 
insufficiency increased in 


cytoma, renal 


tracranial pressure, and lymphoma.” 

In 22 patients with psychoses, psychoneu 
roses, and personality disorders the concen 
substance in 


trations of epinephrine-like 


cerebrospinal fluid were similar; however, 


the mean concentrations in the cerebrospinal 


Vamaer et 


MENTAI 


DISEASI 


than the mean 


lowet 


fluid were slightly 
concentrations in plasma 

Concentrations of plasma pressor amines 
in patients with mental disease were similar 


to those in normal subjects 


Dr. H. P. Rome and Dr. ¢ W. Mottett gave 
advice in this study 
Section of Publications, Mayo Clink 
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Psychoanalytic Theories of Activity-Passivity Conflicts 


and of the Continuum of Ego Defenses 


Lxperimental Verification, Using Reserpine and Chlorpromazine 


G. J. SARWER-FONER, M.D., Montreal, Canada 


l’sychoanalytic research has usually been 
conducted through the analysis of individual 
cases. This has yielded gratifying results 
lt is rare to find experiments using the 
scientific technique of the inductive experi 
ment which directly apply to the data ob 
tained by psychoanalysis. This is not sur 
prising, since a psychological technique 1s 
The 


branches of 


needed to obtain psychological data. 


older and more conventional 


experimental science have, as a result, not 
always looked with favor or acceptance on 


the findings of psychoanalysis 


Projects and Their Aims 


In investigating the effects on affect of 


reserpine and chlorpromazine in the wards 
of the psychoanalytically oriented psychiat 
rie unit of a general hospital (QQueen Mary 
Veterans’ Hospital), experimental evidence 
was accidentally obtained which verified psy 
choanalyti 


concepts of activity-passivity 


conflicts 24" and of the continuum of ego 


defenses 1,4,7,13 
bilty-five specially selected patients with marked 


lisorders of affect were studied with reserpine tor 


i year. Concomitantly, 35 patients received chlor 
promazine because of various therapeutic indica 
tions, on nonresearch basis The research 


*” results, and conclusions of this work have 


detail Only the 


lesign, 
elsew her 


heen reported in 


Submitted for publication 1957 
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From the Department of Psychiatry, 
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ersity 


points relevant to this paper wall be mentioned 


here. The project was designed to tind what the 
physiological and pharmacologic al effects of these 
drugs were in the human, and to see what these 
effects then did to the emotion displayed by the 
patient and/or 


the physiological concomitants ot 


emotion. Psychoanalytic knowledge was used to 


evaluate, control, and interpret the interpersonal 


social, and psychological factors involved 


Findings Fourteen patients in the above 
mentioned groups developed psychosis, ot 
further psychotic deterioration, or enhanced 
anxiety. By way of contrast, two of the 
many patients who did well with essentially 
the same physiological effeets and psycho 


detailed report on these patients has been 


dynamic constellations were reported 


published elsewhere,'* and the present paper 


is concerned only with those aspects of ego 


psychology and of activity-passivity con 
Hicts shown by this study. 
The physiological effects of the drugs 


were present in both those who did well and 


those who were made worse (1. e., in all 


9) patients). A standard physiological ac 
tion of the drugs, 


make the 


in the doses used, was to 


patient feel weak, tired, some 


times dizzy, and 


incapable of mobilizing 
formerly available energy into physical and 
The patient felt “slowed 


down” or “chemically held down.” 


muscular activity 


These drugs effect large areas of human 
activity linked with the expression of affect 
and of libidinal and aggressive energy, that 
is to say, the areas of being able to relate 
to oneself, or to others, through the ability 
to control and use one’s own body, or 
muscular 


through activity; or to be ex 


troverted, In varying degrees these drugs 


removed access to one or all of the above 


4] 


a 
| & 


A. M. A 


mentioned means of sublimation or dis 


placement 

When a 
threatened by these effects 
clinically 


patient was not psychologically 
good and well. 
worse when, 


Patients became 


through limiting of the above outlets, im 


portant defenses, necessary for that patient's 


self-esteem and reassurance, or for his con 
fidence in the integrity of his own body 
(i.e, body image) were removed (for de 
tails, see Sarver-Foner and Ogle !*). 
Another important consideration was the 
regular production by these drugs of various 
side-effects and toxicity. They tended to hit 
at organ systems, such as the gastrointestinal 
tract (nausea and vomiting, nausea, and 
diarrhea ); the upper respiratory tract (nasal 
skin 
flushing), as well as to produce dryness of 


Here, 
psychologically 


stuffiness), and the (erythema and 
the mouth, occasional dizziness, ete 
this effect 


threatening and produced a rupture of the 


was 
ego and further regression of these defenses 


in certain patients 


Report of a Case 


\n abbreviated case history of one such 
patient is given 
ldmisston \ 


army 


Situation on 25-year-old, white, 


Kaman Cathohe, single officer was admitted 


Mary 


history 


to Queen Veterans’ Hospital with the fol 
lowing 

had been A. W. I 
and had run up enormous debts with 


them He had 


drunk to excess on 


from his unit, a newly 
one, 
out making any attempt to settle 
tat hed bad chee ks and had 
many oceasions. Tis superiors had advised him to 
settle his debts or face disciplinary action and dis 
mussal 
Hle was mealerately depressed and displayed per 
plexity, ambivalence, and indecision as to what he 
When his indecision 


A W.L. “to think 


a tall, extremely well-built, 


should do about his situation 
had became marked, he went 
things over.” He was 
good-looking man, who looked his stated age and 
who took pride in keeping himself in’ the peak 
ont al condition 

Onset of Illness little 


than a year prior to admission, he had been happy 


Commissioned a more 


as a private and jumor N.C. ©, but unhappy as 


un othieer. Formerly, he had idealized officers. He 


had visualized them as strong men and leaders, 


who were moral, cleancut, good, self sacrificing 
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idealistic, and dedicated men. He looked forward to 


jonng this company He became disillusioned 


when he saw some of his fellow officers as thev 


really were—human beings with human needs 


them, since 
Nor did he 
have much work to occupy him, since m a forming 
drill and 
doing most of it 


He had no real friends among 


he was ill at ease in their presence 


regiment the traiming instructors were 


In contrast to this, his N.C. O.’s 
He had been 
kept 
‘polish 


career had been a very active one 


4 paratrooper instructor who was always 


busy. He said that his evenings were spent 
ing boots with my buddies while we drank cokes 


smoked, and talked " His 
heen pressed and [his] boots shined.” He took pride 


uniform had “always 
in his appearance, worked very hard, and was con 
tented when others made decisions for him. “I was 
a good soldier and proud of myself." He had 
many occasional girl friends but was never really 
serious with any of them 

As an ofheer, all that had changed. As his un 
happiness increased, he became disinterested in his 
personal appearance and drank too much. Several 
months before admission the period of “acting-out” 
behavior began (cashing bad checks, running up 
debts, heavy which re 


consumption of alcohol), 


sulted im his admission to hospital 
The 


sons of an 


was the second of 
father, 
years old at the time of the patient's admission 

The eldest 
during World War Il and had advanced rapidly 
rank He 


a successful businessman and a reserve naval off 


Rackground patient 


three energetic who was 51 


son had been an officer in the navy 


to achieve moderately senior Was now 
cer 

The patient had always visualized the army as 
his career and had never thought of anything else 


His childhood and adoles 


cent phantasies had been associated with the arms 


since his earliest years 


domunarc and 
He had 


unity 


with fighting, with a struggle for 


with being a great and powerful hero 


Wentified himself with heroes of histor 


military figures 
kindly but 


university 


Ihe father was a youthful-looking, 


teasing, aml very active man. A grad 


uate, he was successful in his profession. The 


patient and he had “wrestled together” well int 


adult life, and even recently on occasion The pa 


tient described his father as “a great big man, 


even stronger than 1.” In poimt of tact, the patient 


was taller by an inch, and certainly broader and 


better built than lis father. In their famil 


yreat 


“clean living, good 


The 


wrestled 


accent had been placed on 


athletn habits, and sports.” patient con 


plained that when they now the father 


“sull throws 


rhe youngest son trained as an army officer 


while at university and was commissioned or 


graduation, As a result, though younger, he held 
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a higher senior rank than the patient. The patient 


was not consciously disturbed by this. The patient 


had only completed high school. Though aca 


demically gifted, he had refused to go to university 


and had immediately enlisted as a private in the 


regular army 
The mother was described as a retiring woman 


Although the patient spontaneously spoke little of 


her, it soon became clear that the mother was a 
less kindly and more rejecting figure than the 
father. The father, by contrast, was seductive and 
warm, but at the same time overbearing and de 


manding, so that the patient felt that he could win 
his love only by adopting a passive and submissive 


attitude, at the same time identifying in part with 


a colder, harsher, rejecting, amd therefore more 
powerful, woman figure. His ambivalence, hos 
tilitv, and mixed identifications seemed to come 


from this need 


Rehavior on Ward 


aftable, and superficially pleasant on the ward. He 


The patient was easy-going, 


was very active in all sportive activities. Even 
with these outlets, he was restless and paced about, 
that he felt : 
verbalized jus need for “plenty of and 
He had ©. of 130 on the Wechsler 


Jellevue test 


complaining “caged in.” He often 
eXETCISE 


activity.” an | 


In psychotherapy he showed a passive-dependent 
relationship with the doctor, wishing to please him 
and fearing his displeasure. He hid his underlying 
anxiety on this score with a great deal of surface 
affability This 


even superficial intrusion on sensitive areas, 


anxiety was easily mobilized, and 


such 


as his family relationships, produced an increase 


in his restlessness, moodiness, and psychomotor 


activity In the transference he showed strong 


dependency needs and the desire to be accepted 


At the same time, he had to prove his independence 
and manhood by breaking ward rules im order to 
counteract aml deny the dependenc \ Thus he 
consumed alcohol on the ward, returned late trom 
pass, and continued to cash bad checks while in 


W he ih 


behavior, he 


hospital not allowed on pass because of 


this became increasingly anxious, 


paced and showed the beginnings of mappropriate 


euphoria This euphoria alternated with moods of 


moderate despondency when his dependency needs 
or his desire for acceptance and recognition was 
frustrated, and underlying feelings of personal 
unworthiness became overtly apparent in these cu 
cumstances. When this occurred, his anxiety m 


creased, and the need to act mt, SO 4a to prove” 


his dominance independence, and masculinity 


would appear 


Superficially, he impressed people as extroverted 


and at ease with his enviromment: He gave this 


impression by sacrificing his own desires im order 
to be a generally pleasant and well-liked person 
He felt much more at ease im the role of a sub 


ordinate, with well-detined 


tasks 


deviation from this produced considerable anxiety, 


and linuts 


despondency, and the acting out of his conflicts 


Because of the above-mentioned anxiety, ce 


spondency, and psychomotor activity, he 


Was 


reserpine, 2.5 mg. 1. m., q. 1. d. for 2 days, followed 
by 3 mg. orally q. i. do for 11 days. His weight 
went trom 210 to 218 Ib. (94.5 to 98 ke.) in seven 


days, stabilizing at 218 Ib 


His drug the 
patient complained that he lost his “zest in eating.” 


There was no edema 


ippetite had been wood, but on the 
Blood pressure fell from 125/70 to 90/40 mm. He 
depending on the dose, 
of 100/60 mm 


a minute 


stabilizing im the 
The pulse fell SO to OO 


56); the respiration rate 


rate trom 
(variation BO to 


remained at 20 a 


“results in 


felt that he was 
affect” 


patient “worse he 


respect of were considered 


“poor.” The patient was 


markedly 
felt 


slowed down; his motor 


activity was cut; he was tired, drowsy, 


“held down.” He could 
move his hody, but tended to do so in one block, 
able to do 
unhappy, jittery, and extremely 
cut oft 


and irritable, and 


although he was otherwise. He wa 


telt 
to sleep, unable to stay 


anxious. Ele 
from life, “unable 


awake.” He felt he wa 


“yong queer,” that he 


wis 
cut off “from outside things,” and that his “body 
was changing.” 

The main observable changes were lowing 
down, inappropriate euphoria, panie at beimyp 
chemically held, a teeling of change amd dissocia 
tion and of changes im body image, and impairment 
of his motor control 

The “natural course of the disease Wit 
“changed for the worse From oan acting-out 
person, who mastered his anxiety through activit 


he became an inlubited, unhappy, frustrated man 


whose mental comtent became witl 


marked suspiciousne about what was happening 


to him and of 


our motive is well a it teeling of 

body-imaye chanwe Nasa tulfiness was the 
side-effect 

Because of his condition, the drug wa liscesm 
tinued, and the patient returned to hi predruy 
State within a weel He was a very happy and 
reheved man about this, and remained with hi 
acting-out behavior for the reman mye month vw 
hospital 

Comment 

This case history is representative of this 
type Of patient and it is only the faet that 
reserpine removed hi ability for Vigorous 


motor activity at all levels that is significant 


By so doing, it which 


represented a displacement of sexual energy 
into the sphere of activity 


removed an outlet 


: 
Sarwer-hone 415 


A. M. A 


This activity in the social sphere, and in 
his interpersonal relations, which had been 
libidimized (“sexualized’’) by displacement, 
(and thereby represented manhood or mas 
culinity ) The 
libidinized activity had functioned as a denial 


was chemically removed. 
of an underlying, feared, castrated state 
caused by strong feminine identifications. 
The economy of the above equation (ac 
tivity masculinity, passivity = femininity ) 
as an ego defense was chemically shattered. 
Kegressed ego were 


thereby adopted, as shown by the body 


levels of defenses 


nage changes, paranoid distortions, ete 


Psychodynamics 
he 


clements were found, and are 


following common psychodynamic 


illustrated in 
the 16 cases deseribed.!* 


1. Fear of Increased Passiwity..-A group 


of male patients, as in the case illustrated, 


with marked feminine identifications and 


jmissivily strivings (1. ¢., unconscious under 


lving needs to be passive, infantile, and 


cared for) and doubts about their mas 


culinity, symbolically denied this fear and 
resorted to social, sexual, physical and/or 
intellectual activity as “proof” of their 
manhood. This activity meant being “mas 
culine” and was a reassuring denial of many 


underlying identifications. Reserpine and 
chlorpromazine rendered a high level of mas 
cular activity impossible. The patients were, 
as a result, rendered more passive. They 
were made tired and sleepy; they felt weak, 


all, 


mobilizing formerly available energy 


and, above they were incapable of 
into 
physteal activity, 

Here a series of activities representing 
displacements, and used by the ego as de 
fenses to maintain better contact with reality, 
was, with dramatic suddenness, chemically 
removed or interfered with. The speed of 
the process 1s emphasized by its occurring 
in the space of minutes or a few hours, and 
with dramatic suddeness, thus not permitting 
sudden 


time for adaptation. In short, a 


and “brutal” * chemical interference with 


* This attitude on our part raises many questions 


is to countertransference 


416 
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long-established modes of expression was 
produced, the 
librium of the equation (activity 


and psychodynamic equi 
mascu 
linity, passivity =femininity) was suddenly 
ruptured. Repressed material was, as a re 
sult, brought closer to the surface, and either 
threatened to erupt into consciousness or did 
so. As a result of the threatened or actual 
break in the ego's capacity to handle this 
fear, anxiety, projective, as well as autistic, 
thinking, with dissociation of thought pro 
cesses, body-image changes, and increased 
depression were produced. 

2. Body-Change and Body-Image Group 

Another 
subgroup of the above, but 
different 


group Was considered as a 
presented a 
symptomatology. “These 
patients interpreted the multiple side-effects 


and physiological effects as a changing, ot 


clinical 


impairing, of their bodies. They sometimes 
developed body-image changes. 

Others, usually with obsessive-compulsive 
neuroses and ruminating fears of impend 
ing bodily disasters, feared loss of control 
Phe 


multiple unpleasant side-effects did impair 


over their impulses and their bodies 


mastery of their own bodies and resulted in 
a very real impairment of some organ sys 
tems, ¢. g., retching, vomiting, stuffy nose, 
diarrhea, dizziness, hypotension, dry mouth, 
hepatitis, etc. Such symptoms were 
threatening to this type of patient. 


very 
Here, 
again, repressed material was allowed to 
move closer to consciousness because some 
of the feared punishments and disasters 
for underlying guilt seemed to be personi 
fied by the action of the drugs. They re 
sponded with regression in their defenses; 
and symptoms of depersonalization, marked 
anxiety, a feeling of strangeness as to their 
own bodies, paranoid distortions, or in 
creased depressi« resulted. 

3. Depressed Patients 
tients became more depressed and anxious, 
rhe 
effects of the drugs in increasing psycho 
motor especially the motor 
aspects, reduced their already limited ability 


Depressed pa 
as well as agitated and/or suicidal. 
retardation, 


for interpersonal relations and, above all, 
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for expressing aggression. This increased 
feelings of helplessness, worthlessness, and 
self-hatred 

4. Drug as Assault or Seduction.-A sig 
nificant number of patients, including the 
only woman in the series, interpreted the 
effects of the drug as an assault, either 
heterosexual or homosexual. The marked 
and subjectively felt physiological effects of 
these pow erful agents (1n decreased activ ity, 
ete.) resulted in immediate: suspicion, and in 
the patients distorting the physician's mo 
tives for reducing them to this state. Here, 
again, a poorer order of defenses had to be 
resorted in order to cope with this new 
situation, and anxiety, panic, and paranoid 


and dissociated thinking were produced 


Resulting Symptomatology 


The psychiatric nosological entity pro 
duced was nonspecific as to drug, but was 
produced by the interaction of the pharmaco 
logical effects of the drug on the person's 
preexisting defenses, psychodynamic con 
stellation, and the interpersonal, social, and 
reality factors facing him. Thus any variety 
of psychiatric nosological entity could theo 
retically result, and in this series the psy 
chiatric symptomatology was quite varied 
Of the cases with a “good result) on 
atfect,” 2 with the same physiological and 
psychodynamic constellations as some that 


did badly 


to the other 14.'" Here, in the pee uliat per 


are reported, by way of contrast 


sonal situation faced by these patients, the 
drug offered protection against a momentar 
ily greater evil than the passivity, ete., it 
produc ed. In one patient with a homosexual 
panic, it offered unconscious symbohe grati 
fication, in a safe hospital milieu, of the 


need to be homosexually assaulted, and 
thereby reduced this patient's anxiety In 
the other, the threatened eruption of a 
murderous rage and hostility, which was 
directed both outwardly and against the 
patient himself, was rendered impossible 
by reducing the patient to a state in which 
he was barely able to move in bed, but was 


left with a clear sensorium (on a dose of 40 


mg. of reserpine imtramuscularly per day 
for 20 days ) It was felt that, in) other 
circumstances than these, these two patients 
would have been extremely threatened by 


the passivity, ete., imposed by the drug 


Conclusions 


In this study, accidental (1. ©. untoreseen 
and unplanned for) verification of psycho 
analytic concepts of activity passivity con 
Hicts were obtained through the — rapid 
chemical removal of means of expression 
used as major ego defenses. The patients’ 
reactions to the very rapid interference with 
physical activity and self-control of their 
own bodies confirmed the data on activity 
passivity contlets the male, long 


obtained by analysis of individual pa 


Another, very important poychoanalyti 
concept demonstrated, by quick and drastic 
interference with patients’ means of ex 
pressing themselves, was the concept of the 
continuum of ego defenses. Thus, when one 
series and means of maintaining contact with 
reality is interfered with, or is no longes 
available to the patient, a more dereistic ot 
regressed (i,e., more disorganized, 
“lower’’) group of defenses takes its place 
Phe dramatic suddenness with which old 
means of dealing with problems and emo 
tions were shattered on threatened 
the hitherto used defenses AgAINst repre ssed 
material. This threatened emergence ofr 
pressed material produced anxiety 

When the chemical interference altered 
essential defenses, body-image changes, in 
creased depression, depersonalization, dij 
marked 


suspicion, and panic resulted. It is obvious 


sociated and projected thinking, 
that in the patients who are not the subjects 
of this communication (and who felt helped 
by the drugs), a reinforcing of their defenses 
became possible (as in the two patients cited 
who did well); and here again we see the 
continuum of ego defenses working in the 
upgrade 


direction  better-integrated 


defenses, or a “higher order’’) 


ay 
} 
ty 
De 
— 
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lhe concept of an unbroken gradient or 
continuum of ego defenses, with better-or 


ganized ones giving way to less well-organ 


ized ones when they no longer sufficed to 


cope with anxiety )*?!* produced by con 


thet between repressed material and reality, 
was very amply demonstrated 

This paper is presented because in this 
study experimentation psychiatry along 
classic scientific method 


lines of the more 


resulted verification of long-established 


psychoanalytic conceptual models obtained 


through the classic psychoanalytic research 


technique of individual analysis of patients 


Sherbrooke St. West 
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Treatment of Chronic Schizophrenia with Promazine 


Hydrochloride 


JOHN PAUL SIBILIO, M.A.; GWEN ANDREW, M.A.; DOROTHY DART, M.D.; 
KENNETH B. MOORE, M.D., Ph.D., and VERNON A. STEHMAN, M.D., Lansing, Mich. 


\lthough a volume of literature concerned 
with the effects of tranquilizing drugs 1s 
wccumulating, published reports of experi 
mental or clinical trials with promazine hy 
and 


drochloride are not Barsa 


numerous 
Kline report a clinical effect similar to that 
found with chlorpromazine. lazekas, Sul 
Schultz Mitchell 


and Usdin,® working mainly with a variety 


livan, and Lemere,’ 


of acute psve hiatriec disorders, are in general 


agreement in reporting a positive clinical 


effectiveness of promazine therapy 
The following paper, the first of a series, 
discusses study 


completed at Ypsilanti 


State Hospital in which an attempt was 
made to assess scientifically the effects of 
ome of the newer phenothiazine derivatives, 
promazine hydrochloride, on various aspects 
of patient behavior and on blood pressure, 
blood count, and bone marrow.* This papel 
gives the experimental design for the study 
and includes a report of the effects of 
promazine on the behavioral adjustment of 
patients. Future papers will report the ef 
fects of promazine on attention, as measured 
by the reaction-time test, and on daily ward 
behavior, blood pressure, blood counts, and 
bone marrow 


The 


Sparine ) 


hydro hloride 
10-03 


dimethylaminopropyl) phenothiazine hydro 


form of promazine 


used in the research 1s 
chloride, Its structural formula ts similar to 
that of chlorpromazine minus the chloride 
itom 

April 26, 1957 

Mental Health 
Andrew, and Dr. Stehman) 
Dart and Dr 


Submitted for pubheation 
The Michigan Department ot 
Mr. Sibilio, Miss 
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Voore ) 

* Promazine 


supplied 


hydrochloride Was 


Snarine by W eth | aboratories, Tre 


Experimental Design 


Description of Ninety -thires 


schizophrenia, without 


Patient Groups 


female patients with chron 
regard to subtype, constituted the research popula 
tion. The eriterion tor chronicity was a contimuou 
period of hospitalization of at least five years. ‘The 
patients ranged in age trom 35 to 60 years, witl 
32 and 


considered to be of at 


two exceptions; one patient was another 


61 years otf ape All were 


least average intelligence (climeally determined ) 


No patient m whom an organic pathology was 


primary was included in the study. Finally, no pa 


tient received any additional or adjunctive therapy 


during the course of the = study lo arrive at 


the research population for the tudy, each patient 


was randomly assigned to ome ot three Kroups 


a manner which assured equivalence of the group 


with respect to scores obtained on a behavioral 


adjustment rating scale 


Table 1 summarizes age and length of hospital 


zation characteristics of the research populations 


An examination of the Table shows that the dit 


ferent groups may be considered equivalent in 


composition, In addition, they are sumnilar witl 


respect to the distribution of the various subtype 


(paranoid, hebephrenic, simple, catatonic, and un 


differentiated ) 


The three equivalent group were randomly 


assigned to one of three different treatment condi 


tions—promazine, placebo, no treatment. The pro 


cedure thus far followed resulted in the traditional 


hefore-after design (designated the basic design 


in the present study) with two control groups 


ome receiving a placebo, ind the other nothing, and 


me experimental group receiving  promazine 


Changes m behavior as a function of time, ward 


conditions, and the p ychological effect of receiy 


ing medication were thu controlled, leading 


more accurate measurement of the effect ot 
drug 
The 


refined to permit a more 


research design was further extended and 


rigorous assessment and 


evaluation of promazine therapy. The extension 


was achieved by splitting each of the three original 
groups into two groups, again equating for rank 


his 
subjected to a different 


on the behavioral rating scale resulted in 


ied Props, h 


0 


NE 

2S 

4 

the 


Vo A. ARCHIVES OF NEUROLOGY AND PSYCHI 


Pasce 1.—Mean Age, Age Range, Mean Years in Hospital, and Range of Year 
Hospital for All Groups in Study Design 


Mean Years of Kange, in Years, of Mean Age Age Range, 
Group Hospitaliza: ion Hospitalization Yr Yr 


5-25 19.8 35-0 
5-25 52.3 
474) 
$2-61 
$21 


treatment schedule The splitting procedure could Under each of 1) 15 categories, tive briet 
have been carned out further, but statistical and phrases characterize the degree or level of adjust 
ogical considerations dictated against further re ment. The quantitative evaluation is obtamed by 
duction of the number of cases within each sched assigning a numerical value of 0 to 4 to each ot 
ule. The research designs, referred s Basic the five descriptive phrases. Attendants who were 
and Extended, are shown in Table 2 will be responsible for completing the scales were given 
noted that each treatment schedule lasted one tramung prior to the start of the study. The degree 


month, or, more specifically, 28 days to which attendant- raters agreed in their evaluation 


The Scali Pe Gord of patients’ level of behavior adjustment im the 


wer Behavior Chart was the instrument used to Present study was estimated by the Spearman rank 


measure behavioral adjustment at various points difference coefficient of correlation method, Table 


. 
im this studs It is a practical and useful instru 3 shows that, with the exception of Raters A and 


ment for evaluating behavior The imformation B, the various pairs of raters were in very high 


it utilizes is both direct and concrete, contributing agreement in then evaluations of patient behavior 


to its inherent or face validity The structure The obvious reduction in the coefficient for Rater 
\ and B cannot be fully explained. On the whole, 
the chart 1s such as to minimize the possibility of 

the results suggest that the training schedule to 
nmuisconception and miscomprehension on the part of 
which the raters were subjected was successful in 
the hospital personnel (in this instance, attendants ) 
preparing them for their task, and behavioral 
upplying the information. Adjustment levels for 

measures obtained throughout the study are con 
the avior: atey rate at 

e following behavioral categories are rated: at- tered to be both reliable and stable, lending 

ention to personal appearance, sleep patterns, ap themselves to comparison at various points in. the 
petite, sox rability, activity comtrol, noise disturbance studs 
ontrol, temper control, combativeness control, care Experimenta! Procedur Fhe tock 
of property, self-entertainment, cooperation in nique was employed throughout the study. Patients 


routine, work capacity, work initiative when alone, received their medication (drug or placebo) in 


work imitiative when supervised, and willingness individual, sealed envelopes. Neither the patient 


to follow directions nor the attendant dispensing the envelopes was 


Paste 2--The Laperimental Design: Treatment Administered to Lach Group by 


Month 


Extended Design 
Basic Design 
First Month Second Month Phird Montt Fourth Month 


No treatment Drug No treatment 
Drug 
No treatment Placebo atment 


No treatment Drug ratment 
Placebo 
No treatment Placebo “atment 
Drug Drug “atment 
No treatment 
Placebo Drug satment 


* Groups I, IT, and IIL refer to groups in the basic design 


ss 
i I a 13.8 
A 6 14.1 
i 16 12.1 
il $1 134 
oO 16 14.0 
13.9 
iil 31 11.7 
in 13.2 
j 15 5-25 49.1 
(iroup * N 
LA 
is 
i¢ 
itl 
\F 1S 
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Taste 3.—Interrater Reliability Coefficients on the 
Gardner Behavior Chart 
Spearman's Rank-Difference Method 

Rater 
Kater Cc 
B <O.545 
Cc 
P<0.001 
0.804 0.755 0.7640 
P<0.001 P<O0.001 P<0.001 


kind 


contained in each envelope 


cognizant ot the and amount of medication 


Those attendants who 
rated the patients’ behavioral adjustment did not 


dispense medication and were unaware of the ex 


perimental group to which a patient was assigned 


In addition to a prestudy measure, adjustment 


ratings were obtained on the seventh and last day 


of each month of the study. It was possible, with 


these nine ratings, to determine the effects ot pro 


mazine and changes in the treatment schedule at 


differing time periods 


Che complete medication schedule will appear 
I 


in future papers reporting on laboratory findings 


Phe present discussion is limited to the first month 


of the study—the basic design. The drug was ad 
ministered orally, in capsule form, tour times 
daily. All patients were started on a daily total 


On the third day this amount was 
and on the sixth to 600 mg 


dose ot 150 my 
increased to 300 meg 
On the 15th the 


creased, depending on the requirements and tol 


day dose was increased or de 


erance level of each patient, as determined by the 


clinical impression of the attending psychiatrist 
Most patients were maintained on 900 mg., 
the third The 

after and including the 
10 to 1400 my Placebo 


patient in Group IL cor 


increas 


ing to 1200 mg. on day dose re 


quired for maimtenance 
15th 


administration to 


day ranged trom 


CAL h 
identically with medication 


responded promazine 


to the matched patient in Group |. The pharma 
inactive placebo was in every 


On 


cologically respect 


similar to the drug in appearance very rare 
occasions it was necessary to depart slightly from 
the above schedule with individual patients. These 
modifications, however, were not considered to be 
important to the extent of altering the over all out 


comne 


Results 


Statistical Procedure 
cedures described were applied to the quan 
the 


The statistical pro 


titative ratings on Gardner Behavior 
Chart, previously discussed 
A complete ranked one-way analysts of 


variance was done separately for all com 


Sthilto et a 


Hcl 


both and within 
groups in the experimental design. This 
method, developed by Kruskal and Walls," 
H-test tests the 
hypothesis that the groups are similar ot 


parisons made among 


is referred to as the and 


that there are no differences. The use ot 
this statistic in the analysis of the Gardnet 
Behavior Chart data was based on a con 


sideration of the data 


met the assumptions and requirements nec 


the extent to which 


essary for the appropriate utihzation ot 
classical statistical techniques. The structurs 
of the Chart, the conditions under which the 
data the manner by 


which the Chart is scored, all contribute to 


were obtained, and 
the necessity of a conservative approach to 
interpretation. The only two assumptions 
which were readily acceptable were that the 
variable under investigation was a continu 
that all 


similarly except for the experimental 


ous one and groups were treated 
con 
ditions. The proper use of the H-test is not 
dependent upon assumptions of normality 
or homogeneity of variances. addition, 
the H-test is not affected by whether or not 
the items in the Chart have equal weights, or 
by whether or not the items are scored on 
an equidistant interval seale. Finally, varia 
tion between raters in no way weakens the 


interpretation of the obtained Hl values 


Basu 


As measured by the H-test, the be 


Changes in Patient Behavior 
sign 
havioral adjustment changes occurring 
within each group taken separately are not 
It is to be observed 


Fables that 


statistically significant 


in reading the low scores rep 


resent high ranks, and, therefore, a greater 


level of adjustment. The probabilities (77) 


shown in Table 4, indicate that changes 
which did occur within groups can be ex 
pected on the basis of chance alone. None 


of the three therapeutye approaches, there 


fore, 1s considered to have a significant 
effect on the level of behavioral adjustment 
as measured by the Gardner Behavior Chart 
More specifically, the effect of promazine 
as a pharmacodynamic agent im the treat 


ment of the class of patients utihzed im this 


421 
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1M. A. ARCHIVES OF NEUROLOG) AND PSYCHIATR) 
Paste 4.—Changes in Mean Ranks on the Gardner Behavior Chart 
H-Test, Complete One-Way Ranked Analysis of Variance 
Mean Kanks Within Groups 
(iroup Pretest After 7 Days After 28 Duys H* 
Vromazine 6.74 42.47 45.35 1.02 
Il Vilacebo 47 45 44.45 th O50 
No treatment 46.47 45.32 47 0.2 
He 0.27 10.00 0.46 
Ket ween groups 
20.0 > 0.001 > 0.50 
* All values of Hi have been corrected for ties 
study was similar to that found with a group, promazine medication followed a 


placebo or with no treatment 


Differences among groups show a statis 
(P 


groups) after 7 days, but not after 28 days. 


tally significant difference among 


\t the seven-day point, the separation be 
tween the adjustment levels of the proma 
zine and placebo groups accounts for the 
This from 


obtained difference results 


im 
provement m the promazine group, accom 
panied by a loss in the placebo group. The 
trend in these two groups was reversed 


after the 7th day, resulting in similar levels 
of adjustment on the 28th day. The simi 
larity of the three groups on pretest meas 
ures Is EXpee ted, of course, as a result of the 
matching procedure 

lhe 


promazine 


effect of regular versus irregular 


medication on behavior adjust 


ment was investigated by dividing Group | 
promazine group ) 
20) 


into two groups, of 1] 


and patients each. In the I1-patient 


Iifferences Among Groups on Regular 


md lrreqular Drug, Placebo, and No-Treatment 
Schedules 
li- Test, ¢ omplete One-Way Ranked 
Analysis of Vanianee 
Mean Konks No. of 


firoup* After 28 Days Patients 


| Kegular drug 
chedule 41.74 


| Irreeular drug 


schedule 
Il Placebo 31 
il No treatment 47.35 $1 
Ht OM 
“0.00 


* Groups were matched and equated at beginning of treat 
ment 


' All values of H have been corrected for ties 


schedule of progressively increasing doses 
at regular intervals 
the 


In the 20-patient group, 
medication schedule was characterized 
by both increased and decreased doses at 
irregular intervals 

Table 5 shows that no differential effects 
at a statistically significant level were found 
when patterns of medication schedule were 
taken into account. Only conclusions based 
on measurements taken on the 28th day are 
presented, since differentiation of medica 
tion patterns was not possible up to the 7th 
day of treatment 
At no point in the study did dif 


Changes in Patient Behavior 
Design 
ferences among or within the six groups 
in the extended design reach statistical sig 
The the 


experimental conditions, it can be concluded, 


nificance influences of various 
were not such as significantly to separate 
any single group from the others, in terms 
of behavioral adjustment as rated by trained 
attendant-raters using the Gardner Behavior 
Chart. Changes did take place, as a study 
of Table 6 


can well be considered due to chance and 


will show. But these changes 


sampling factors, and not due to the effects 
of the treatment programs 


Comment 


Phe failure to obtain evidence of improve 
ment in behavior, though contrary to the 


majority of published reports, is in agree 


ment with results obtained by employing 


similar constructed rating scales in assessing 


the effects of ataractic drugs. The contrary 


results found in many published reports 
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TABLE 6.—/)tfferences in Mean Ranks 


HCl 


m the Gardner Behavior Chart Among Groups 


and Between Highest and Lowest Ranks Within Groups 
Ranked 


H-Test, Complete One-Way 


Prestud Month 


35th Day 


Zsth Day 


4.19 


H tt 
Het weer 
troupes 


* H required for P0.05 


3M with df 
t All values of H have been corrected for tle 


t H required for PO.05< 11.07 with 5 df 


NAY well be due to failure to utilize objective 
procedures, or it is quite possible that fac 
tors which were not controlled in_ these 
studies may have been primarily responsible 
for any improvement noted rather than that 
On the 


other hand, in this study, the failure to find 


the medication per se was effective 


significant) behavioral changes with drug 
therapy may be due to several factors 
\mount, route, and frequency of dosage 


and the length of time over which the pa 
tient is treated, aspects which will be dis 
cussed at length in papers to follow, may 
all have some bearing on the obtained re 
that the schedules 


sults. It is possible 


adopted for this study were such as to pre 


clude improvement in the clinical material 
treated. The degree of chronicity in these 
patients might well be too severe to result 


ina generalized therapeutic effect following 


the use of promazine. The absence of im 


provement, either among or within the six 


groups, strongly points to an over-all inef 


fectiveness of promazine in the treatment of 


severely chronic schizophrenic female pa 


tients. On the other hand, results with acute 


disorders, as reported in the literature, have 


been most encouraging. These findings may 


well reintorce suggestions that selection of 


particular and speeitic clinical material for 


treatment with promazine is necessary and 


further support the impression that proma 


Mean Ranks on the 


Second Month 
“ith Day 


44.51 


Analysis of Variance 


Gardner Behavior Chart 


Third Month Fourth Month 


sth Day ist Day Day 


Hard Day 


41.41 41.02 


W135 


zine has a ditterential effect) on patients 


presenting different kinds of psychiatrn 
disorders 
evidence of behavioral changes due to 
increased attention to patients, changes 1 
general ward atmosphere produced by the 
research project, suggestion, more patient 
staff contacts, and placebo effects was absent 


Many 


have reported a positive effect from these 


in the present study other studies 


and other factors. Failure to find confirm 
ing results in this study could be due to the 
control exercised in conducting the research 


lack of 


patients with drug improvement (which did 


or to a influence on the part of 


not on patients treated without 


drugs 
Summary 


Ninety-three female chronic schizophrenic 
divided 


which 


patients were into three matched 


Lroups, 
different 


each of was subjected 


treatment schedule — promazine 


placebo, no-treatment (basic design )——for a 


period of 28 day The basic design was ex 


tended to form six matched groups, cach 
subjected to a different treatment schedule 
employing promazine hydrochloride (Spat 


ine ) Phe total experiment was conducted 


over a period of four months. Nine meas 


ures of adjustment were obtained, using the 
Behavior Chart 


(sardnetr In addition to a 


made on 


measure 


prestudy ratings were 


1? 


Ciroupes 
thhy 
4 46.05 44.7 42.45 45.02 41.81 130 
46.53 41.93 47.67 49.87 47.13 — 48.00 46.26 45.73 0.3 
45.15 46.07 47.74 45.26 415.00 4.13 0.6 0.79 
I 46.13 17.56 45.88 47.25 4.08 14.9% “7 16.31 
47.67 4.15 47.13 15.67 45.06 42.73 44.73 13.50 41.80 2.7 
0.32 0.79 1.14 0.74 $1 254 140 
eta 
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the 7th and 28th days of each of the four 
consecutive months over which the study 
was conducted. The effects of regular and 
irregular drug schedules are also presented 
and discussed. It is stated that future papers 
will present and discuss results obtained on 
studies of attention, ward behavior, blood 


pressure, blood counts, and bone marrow. 


Conclusions 


Changes in behavioral adjustment of fe 


male chronic schizophrenic patients pro 
duced by administration of promazine failed 
to attain statistical significance. In general, 
it can be coneluded that there were no be 
havioral changes occurring in any group of 
patients which could be associated with ad 
munmistration of promazine or a placebo or 
with no treatment. 

No difference between regular and irreg 
ular patterns of administering medication 
with regard to amount and frequency of 
dosage was obtained. 

It is felt that, while no changes in be 
havior adjustment were obtained from using 
promazine in what is considered an adequate 
test of its 


further research 


should be directed toward the development 


effectiveness, 
of procedures and techniques that might 
identify specific clinical characteristics which 
respond positively or are refractory to pro 


azine therapy 


ARCHIVES 


VEUROLOGY AND PSYCHIATR) 


The present findings can in no way be 
used to anticipate results obtained in other 
areas of behavior investigated in this study, 
and which will be reported and discussed 
in later papers. 

The 


study 
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David Ph.D.; Joel Smith, Ph.D; 
Hortense Cilley; Dorothy Conley; Bertha Gaither ; 
Grace Hanson; Betty Hensley; Dorothy Hoeppner ; 
Nelhe Jewell; Dorothea Mead; Naomi Phillips, 
and Jene Wright 


persons 


Birch, 


Department of Mental Health, State of 


igan, Cass Building (13) (Dr 


Mich 
Stehman ) 
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Visual Discrimination and the Decision Process 


in Anxiety 


SHELDON J. KORCHIN, Ph.D.; HAROLD BASOWITZ, Ph.D.; JACQUES A. CHEVALIER, Ph.D.; 
ROY R. GRINKER, M.D.; DAVID A. HAMBURG, M.D.; MELVIN SABSHIN, M.D., and 


HAROLD PERSKY, Ph.D., Chicago 


This paper deals with the relationship be 
tween anxiety and perceptual functioning, 
studied as part of a larger investigation of 
concomitant variations among = several se 
lected aspects of affective, psychological, and 
physiological functioning under the impact 
of experimentally induced anxiety. Here 
we shall be concerned principally with the 
changes in perceptual behavior, measured in 
the accuracy and speed of visual diserimina 
tion, over a number of days during which 
anxiety-prone patients were subjected to 
anxiety-provoking interviews, The theoreti 
cal and methodological rationale of the lar 
ger study, and the details of the experimental 
design and of other variables studied have 
been described elsewhere.! 

The basic experiment covered a four-day 
period. On the fifst of these days, anxiety 
prone and anxious subjects, selected from 
the patients of a psychiatric hospital, were 
brought to the laboratory and given each of 
the test procedures. This day (the pre 
experimental day) was designed to accus- 
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tom subjects to the laboratory and to test 
equipment and procedures. The focal poi 
of each of the three following experimenta! 
days was a stress interview, originally in 
tended to be intensified from day to day 
which was preceded and followed by the 
same series of experimental measures (pre 
and postperiods). The four-day design, as 
originally conceived, could permit evaluation, 
within the same subjects, of the extent ot 
stress responses and the relations among the 
various indicators as the level of stimulation 
is increased, at the same time providing a 
basis for assaying the variability of re 
sponse and the temporal trends over the 
four-day period 

The stress interviewer attempted to im 
crease anxiety im a quasipsychiatric inter 
view by his revelation and interpretation of 
conflictful 


pressed toward the subject and his manipula 


material and his attitudes ex 


tion of communication, adjusting — his 


behavior in each case on the basis of pre 
viously obtained knowledge of the patient's 
Phe final ef 


fectiveness of the stress interview depended, 


personality and crucial areas 


however, on the actual interviewer- patient 


transactions, which were determined in the 


particular case by the feelings, expectations 
and role perceptions of each participant and 


often reflected influences from the larger 


social setting in which the experiment was 


conducted, Consequently, mtended action 


often led to unpredictable, and sometimes 


paradoxical, results. A detailed analysis ot 


the interview procedure and the factors 


which determine its anxiety producing value 


is presented elsewhere.* lor our present 


purpose it is sufficient to note that, while 


}? 


= 
4 
ae 
1 
Z 
| 


1M 


the imterview did in general increase emo 
tional disturbance, as rated by observers, a 
yraded series of anxiety increments could 
not be achieved 

By the nature of the over-all experimental 
design all of the test procedures used had to 
meet a They 


should be (1) short, in order that a number 


number of requirements 


of tests could be fitted within the pre- and 
postperiods; (2) repeatable, without earlier 
testing affecting subsequent performance; 
(3) noninteractive, 1. 


minimally inter 
fering with each other, either in terms of the 
mechanical requirements of testing or, more 
importantly, by direetly inducing changes im 
the subject and (4) minimally productive 
of anxiety themselves 


\s an index of psychological functioning 


to be related to stress-induced emotional 


changes and to other measured variables, 


a visual perceptual procedure was developed 
in Which subjects had to decide which of 


two 


simultaneously viewed 


squares Was 


larget 


Performance on this Area Judgment 
lest 


was evaluated for two separable as 


the 
accuracy of the discriminations and the time 


pects of 


per eptual decision 


making 


required for decision, both of which were 


expected to vary in anxiety lo deseribe 
the effects of anxiety, these studies will be 
considered in 


terms of related issues 


four 
(1) the changes in the patterns of perform 
ince Of anxious patients through repeated 
eecasions of testing; (2) the specific effects 
of the experimental stress; (3) the relation 
between performance and emotional levels, 


independently assessed, and (4) the con 


trast between anxious patients and non 
hospitalized, normal controls kor the 
last-mentioned purpose, supplementary 


studies 


were done outside the 


major ex 
periment 


Subjects and Procedure 


lhe main experimental group consisted of 19 


subjects, all but one from the inpatient population 


1 the psychiatric institute of a general hospital 


lhirteen were men and six women 


The mean age 
of the group was 39 years, with a range from 22 


to 57 years \ 


patient was imeluded either if 


1/6 
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interview and examimation of clinical records re 


vealed free anxiety as an important part of his 
current symptom picture or if it) could Ix 
judged from his history that he would be prone 


to develop anxiety under stress. Various diagnost: 


entities were represented, though “anxiety state, 


“agitated 


depression,” and “borderline character 


disorder” were the most commonly recorded diag 


noses experimental design 


Since the requires 
considerable degree of cooperativeness and the re 
striction of activity during the several hours in the 


markedly 


could not he 


laboratory, anxious, agitated patients 


included 
overtly psychotic 


Similarly, there were ne 
group. Both the 
patients and their attending psychiatrists voluntarily 


agreed to 


patients in the 


their participation in the 


that the 


study, witl 


some hope results of the various test 
might be useful in subsequent treatment, althoug! 
the specific procedures and purposes of the exper 


ment were not explained to the patients 


As a nonpatient, control group, 18 normals were 
recruited from among the white-collar, nonmedical 
personnel of the general hospital 
to be 


The group was 


so chosen «ais 


similar to the 


patients in age 
and 
This group 

Their 


Ing trom 25 to 60 


and sex roughly 


comparable in educational 


level consisted of 12 men and 6 


women mean age was 41 vears, rang 


years Phe control normals 


were given the Area Judgment Test twice, exactly 


24 hours apart, in the same laboratory room used 


for the patients. However, they did not undergo 


any of the other test procedures, nor were the) 
Although the 
group had fewer occasions of repeated testing than 


the patients, testing twice allowed not only for the 


given the stress interview control 


comparison of the groups in terms of the level ot 


performance om each occasion but also of the 
change between the two 


were spaced like the 


The normals’ two trial 
first two occasions on whicl 
the patients were tested 
Day 1 


interview 


prec x perimental day and 


preperiod of both of 


which pre« eded the 


first stress 


In the Area Judgment Test subjects were asked 


to judge which of two squares shown simul 
taneously was larger. The squares used were 36 
37, 38, and 39 mm. on a side. The test consisted 


of 45 pairings, in 15 of which the sides of the two 


members differed by 1 mm., in 15 by 2 mm., and 


in 15 by 3mm. The test stimuli varied as well on « 


number of irrelevant factors, included solely te 


increase complexity and difficulty of discrimination 
(1) 
green, blue, or yellow 


These were color—each square could be red 


(2) angular position—eac! 
square could be aligned parallel to the horizontal 
rotated 45 de 


could 


and vertical edges of the 
(3) 


card or 


grees distance—the two squares 


relatively close (1 in.) or farther apart (4 in.) 
and (4) location—a square could be aligned on the 


same or a different horizontal or vertical axis as 1ts 
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omparison figure The squares were paired 
randomly with respect to these factors and mounted 
on separate white cards. For each trial the cards 


were presented in a different random order, During 
testing the experimental room was darkened and 
the cards exposed in the viewing box of a Ger 
brand tachistoscope, ensuring even illumination over 
the field 


were essentially 


Instructions to each 


these: “I 


visual given prior 


trial am going to show 
vou two figures, and | want you to compare their 
they 


tell me which one ts larger 


sizes. If are different in size, | want you to 


If they seem to be the 
tell the 


Before | show you each card, | am 


same in size, or you can't difference, say 


Same.’ yoing 
which will tell you that the 
When the field 
was illuminated a 0.01-second timer was activated, 
the 


told whether 


to say the word ‘ready,’ 


figures will appear shortly.” test 


which was stopped when subject responded 


they cor- 


atter 


Subjects were never were 


rect, either after the single judgment or 


the entire series. Responses were scored for both 


uracy and decision time 


Results 


Differences in Performance Between ka 
Over-all, 


varied considerably in performance. Taking 


perimental Occasions patients 


ill patients on all occasions of testing, the 


over-all mean accuracy score (number of 
correct. judgments to the 45 items) was 
34.2. and the mean decision time was 2.91 


seconds per judgment. However, the range 
of individual mean accuracy scores ran from 
19.7 to 42.7, while in their speed of decision 
the quickest subject averaged 1.75 seconds 
5 33 seconds 


ind the slowest In the main, 


the errors that were made consisted of not 


discriminating between the two stimulus 
squares calling them only 
nfrequently did a subject deseribe the 
smaller square as larger. Although the 


frequency of error differed among subject 
groups and test occasions, the type of error 


nade remained quite constant 


Vean Aci 


Panter | urd 


(Anxiety 
Preexperimental 
Day 
Accuracy, no. correct 


Decision time, sec 


*Pre- and poststress values 


rohm etal 


and Decision-Time 
Patients, 


The the 


seen in most general 


effects ot are 


lable 1. It 


is striking that over-all there is relatively 


stress 


form an 


little change in either accuracy or decision 
time values between the seven occasions of 
the level 


slightly from before to after the stress on 


measurement. In accuracy, rises 


the first experimental day and falls some 


what from before to after stress on Day 2 
and Day 3. Only on Day 2 1s the drop 
significant (on one-tailed test, f= 3.462; 
P<0.005 ) changes between occa 
sions may be viewed in still another mannet 
which gives further evidence of the stress 
effects. If we consider the number of sub 
jects who change in each direction trom 


pre- to poststress on each experimental day, 


it is found that 11 of the 19 improve on Day 


1. whereas 2 remain the same and 6 decline 
Qn Day 2, however, only 3 improve; 2 
remain the same, and 14 become worse. On 
Day 3, 4 IMprove 3 remain the same, and 
12 decline im accuracy hus, it would 
seem that, however small the mean changes, 
there is a distinct tendency tor the stress 


2 and 


on Days 3 to reduce the adequacy of 
judgment 

Interestingly, there is little evidence of 
any over-all trend in the group's perform 
ance lhe prec rimental day level 1s as 
oceasion during the re 


\s in 


much repeated testing, it might have been 


high as any singh 


mainder of the experimental week 


anticipated that either because of learning 


or because of acclimation in the situation 


there would be some degree of improvement 
from the preexpermental day to later ocea 
Yet, 


Although there is more change im decision 


sions rather found 


little change ts 


time from the preexperimental day to later 


occasions, the level thereafter tends to re 


Values on bach Occasion 


N-19) 


| 
= 
a 
Pre Post Pre Post Post 
32.7 44.9 she 42.5 44.9 
2.58 2.54 2 2.70 2.70 
a 
427 
4 
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A 


main stable 


their 
first contact with the task, though no less 
accurate None of the 


Subjects are slower in 


pre- to postperiod 
changes on any experimental day even ap 
proaches significance 

In general, then, the effects of this ex 
perimental stress are not great on this test 
On two of the days there is the anticipated 
drop im accuracy, which is, however, small 


Phere 


time values for the group as a whole 


is no consistency for the decision 


Difference in Performance on Days 
Although 
the 


amount of emotional response to the inter 


larying m Affective Response 


most 


subjects showed differences in 


view stresses of the three experimental days, 


the intended increment from day to day 


was by no means the general case.” 
quently 


Conse 
grouping all subjects’ data for each 
of the experimental days combines varying 
We can 
sider the already presented perceptual data, 
regrouped 


degrees of stress response recon 


however, in terms of stress in 
as defined by observed rather than 
by intended 


tensity 


change. Thus, to 


explore further the relationship between 


emotional state and perceptual performance, 
“Stress” is considered here in terms of the 
attect: evoked 


Three artificial “days” 


of 
were created: the 
day of greatest emotional response, the day 
of least emotional response, and the day of 
or all 


to poststress change in Area 


median emotional response sub 


jects the pre 


Judgment lest scores Were combined for 


these “high.” “median,” and “low” 


days, 
defined by the pre 


in the 


and poststress changes 
attective level, as rated by observers. 
It should be noted that for one subject the 


“high” day 


involved a 


mav actually have 


Vean Pr 
m Days 


Analety 


Anger 
M 


Accurne 
Decision ow al 
tinne 


* Calculated as post-minus prestre 


42% 
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sizable increase in affect and his “low” day 
no change or a smaller rise; for another, 
the “high” was actually no rise, the “low,” 
a sizable drop. Hence “high,” “median,” 
and “low” day has meaning only in terms 
of the relative range of affective change 
the 


dure does ensure maximal separation of the 


within each subject. However, proce 


in affect terms, within what 


limited 


stress occasions, 


is generally a range of emotional 
response 

This analysis was performed for each of 
the three affects separately rated——anxiety 
anger, and depression—and for the simple 
sum of the three combined. This last pro 
vides a measure, though crude, of the gen 
eral amount of “emotional disturbance” 
aroused by the stress interview, which the 
former three ratings attempt to differentiate 
nto mayor components 


Ihe 


values for the “high,” “median,” and “low” 


mean accuracy and decision-time 
days for each of the four affective ratings 
Table 2. 


parisons the differences among affect-days 


are shown in Although in all com 


in mean accuracy scores are not great, and 
fall 


the over-all picture is clear 


often short of statistical significance, 
Generally, the 
greatest drop in subjects’ accuracy scores 
occurs when the greatest amount of affect 
the 


of smallest affect increase. The largest dif 


was observed; least, on the occasions 


ferences are found data 
grouped by anger ratings and by the com 
bined affect the 
between the highest and the lowest day 1s 
significant at the P<O.0O1 level (t= 2.715), 
between the median and the lowest day at 
the P<0.005 level (t=3.432) 
both the differences between 
lowest 


when the are 


For anger, difference 


Similarly, 


highest and 


and median and lowest combined 


to Poststress Change * in Accuracy and Decision-Time lai 
of Highest, Median, and Lowest Increase in Fach Affect 
(Anxious Patients, N-18) 


Depression Combined Affects 


H ie L H M L H M L 
24 2.49 +0.78 1.67 1.67 0.72 2.72 200 0.87 
0.25 0.0% 0.29 +0.03 0.21 ).22 0.09 ole 
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affect days are significant at the P<0.01 
level (t 


every 


2.704 and 2.778, respectively). In 
comparison, however, the drop in 
accuracy decreases from “high” to “median” 
to “low” day. 

By contrast, the mean decision-time val 
ues show little regularity when compared 
by days of differing affective response. The 
differences are small and insignificant, and 
there is no indication of trend 

Correlations Between Test Performance 
Levels.—Are 


between emotional 


and Emotional there direct 


correlations levels and 
performance on the Area Judgment Test, 
over-all or, more specifically, in response to 
the stress on each of the experimental days? 

\t the grossest level, the individual mean 
accuracy and decision-time scores were cor 
related with the mean ratings of each of 
the affects, for all of the periods of the 
experiment combined. There is no indica 
tion of any significant correlation between 
the over-all levels of any of the rated affects 
and either of the perceptual measures. Vor 


the mean scores across the four 


days of the experiment the following corre 


accuracy 


found: with 


+0.114; with anger, 


lations (r) are anxiety, 
0.018; with depres 
+ 0.049, and with the combined affect 
+ 0.244 


scores 


sion, 
ratings, Similarly, mean decision 
follows: with 
0.309; 


with the combined 


time correlated as 


anxiety, — 0.103; with anger, with 
+0.105, and 


0.195. 


depression, 
affect 
make it perfectly 


These 
that 
consistent relationship between the percep 


ratings, analyses 


clear there is no 
tual measures and any of the rated affects 
indi 
the 


when each is considered in terms of 


vidual subjects’ over-all levels over 
various occasions of the experiment 
If the emotional ratings and test scores 
are compared in terms of the pre- to post 
period (stress-induced) changes within each 
of the experimental days separately, some 
what more relationship between affect and 
perceptual performance emerges ( Table 3). 


Table 3 are 


the pre- minus poststress change scores for 


The correlations in based on 


each subject in each variable; hence positive 


Korchm ct al 


INNITETY 


r) in Pre- Posts tress 


Paste 3 
Values Between Accuracy and Decision Tim 
and Each of the Rated Affects on Lach 


Correlations 


of the Experimental Days 
(Anxious Patients) 


Correlation with 


Affect Day Accuracy Decision Time 

0.304 
2 O.310 

0.558 * 

Anger ! 0.083 
0.600) 1.0038 

0.369 0.130 

Depression 0.200 
2 0.013 1.4401 

3 0.301 

Combined 

affect 0.107 0.309 

2 0.285 
4 0).526° 0.445" 


* Significant at P< 0.05 level 
Significant at P?<0.10 level 
Significant at 2’?<0.01 level 


correlation would indicate coordinate in 
crease in both variables from before to after 
the stress interview 


Although relatively few ot the correla 
tions reach acceptable levels ot reliability, 
there do appear to be trends between exper! 
mental days in terms of the extent and 
direction of correlation. For the accuracy 
scores, on the first experimental day corre 
lations tend to be low and insignificant, but 
positive. During the last two days, though 
the correlations are still low, there 1s some 
what more relationship, and more 
the 


negative 


tant, coefficients tend to become 


Thus, on the first day those sub 
jects who are judged to become more 
anxious tended to do better on the percep 
task (r= +0.319), the third 


day the relationship reverses and the more 


tual but by 


anxious subjects 


0.558 ) 


perform worse (Yr 

Although this trend from positive 
to negative correlation is found for all foun 
sets of affective ratings, there are visible 


Notable 1s the 


relation with anger on Day 2, which ts the 


differences in amount cor 


highest achieved in any of the comparisons 


(r 0.606 ) Interestingly, the second 
experimental day was characterized by the 
greatest increases in anger tollowing the 
stress imteryiew 


Although the correlations between affect 
changes and decision-time changes are no 
lower 


than those tor accuracy, there ts 
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av 

ch 
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“i 
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indication of any regular trend from Day 
1 to Day 2 to Day 3 ( Table 3). Generally, 
the correlations and tend to 
be higher on the third day; the only three 


negative 


are positive 


correlations are all obtained on 
the second day 

Since the three major affective ratings 
tend themselves to be distinetly correlated, 
and because of the generally low levels of 
correlation throughout this analysis, any 
speculation about the specific patterns of 
perception-affeect relations is certainly not 
the 
stress-induced 


warranted 


that 


However, 
the 


over-all conclu 


sion changes in 
itfect-in-general and in the perceptual vari 
ables studied are related, but that the nature 
of the relationship changes from day to day 


may be justified 


On the first day, noted 
before as the only day of over-all improve 
ment im accuracy, increase in emotional dis 
turbance is paralleled by more accurate and 
somewhat slower performance; on the sec 
ond day, by decrease in accuracy and speed 
ng of 
both 


response 


response; and on the last day, by 


decreased accuracy and slowing of 


Comparison of 
Subjects._-In 


Normal 
better 
the data obtained for the anxious patients 


Anxious and 


order to understand 


in the larger experiment, we may contrast 


some aspects of their 


performance with 


those of the psychologically healthier em 
ployee group. As we described earlier, con 
trol subjects were tested on two occasions, 


at the same hour on consecutive days and 


in the same laboratory” setting the 
patients Unlike the patients, the Area 
Judgment Test was the only procedure 


administered; the other tests and the stress 


interview were not included 


Hlowever, the 


likened 


normals’ two occasions can be 


4.—Mean 


lecuracy and Decision 
(Anxious Patients, 
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Time l’alues on 


N-17 
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roughly to the patients’ preexperimental day 
and the preperiod of Day 1, the patient's 
first and second occasion of testing both 
prior to the first stress interview. Thus, 
patients and normals can be compared in 
their levels of functioning and in certain 
within-test patterns, on each occasion and 
in terms of the change between occasions 
Our with whether there 


concern here is 


are regular differences performance 
which may characterize anxious persons re 
gardless of their already noted behavior im 
the stress experiment. 

For this analysis two subjects in the 
patient group were not included. One ot 
these was not tested on the preexperimental 
day, and the other could not be tested on 
the first session of Day 1. Thus, the num 
ber of subjects in the patient group is 17 
in the normal, 18. 


scores for each of the groups are given in 


mean accuracy decision-time 


Table 4. The column labeled “decision 
time (total)”’ contains the mean values tor 
all items. In addition, the decision times 


for 


given separately in the last two columns 


correct and incorrect’ judgments are 
These will be discussed later. 


When the 


two findings 


accuracy scores are viewed, 


quickly (1) The 


groups are quite similar; if anything, the 


cmerge 


(2) Perform 
The 


slight differences between groups and be 


patients perform a bit better 
ances on the two occasions differ little 
tween occasions are insignificant. By con 


trast, there is relatively more difference 


between groups and between occasions in 


the decision-time values. The patients re 
quire longer time to make their judgments 
on both trials; 
the P=0.10 level on the second day (tf 


1.68), though 


the difference approaches 


falling somewhat short on 


Two Occasions of Testing 


Normals, N-18) 


frrouy 


Accuracy 


latientes 35.5 
M5 
Normals 34.2 


$2.0 


Decision Time Decision Time 
Total Correct 


Decision Time 
Incorrect 


3.21 444 
2.7% 2.61 3.87 
2.71 2.70 2.50 
22% 2.18 2.0) 


be 

| 
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by Stonulus Difference 
(Anxious Patients, N-17; Normals, N- 


Accuracy 
(No, Correct) 
Group Occasion 1 Mm, 


2 Mm. 3Mm 


Patients 8.35 


8.24 
7.50 


14.65 
14.41 
13.67 
13.33 


Normals 


the first day 1.54). 


first 


(t 
their 


However, the 
trial, both 


the 


com 


pared with groups 


become significantly faster on second 


8) 


1 Mm. 


3.93 
4.26 
3.04 
2.40 


patients on the first occasion (f 


Mean Accuracy and Decision-Time Values on Two Occasions of Testing, 


Decision Time 
(Seconds 
2Mm 3 Mm. 
3.00 
2.78 
2.74 


2.28 


2.30, 


P<0.05), and in the same direction, though 


short of statistical significance, on the sec 


day (patients, t=3.15, 


t=3.10, P<O.01) 


P<O0.01; normals, ond oceasion (f 1.35) Stated 


the patients and the normals are much more 


alike 


when 


otherwise, 


when correct, much 


more distinet 


The groups differ rather interestingly in 


their decision times on correct and incorrect incorrect. If 


(Table 4) 


almost identical, these values are based 


one consid rs decision 


items Since the accuracy scores 


time a measure of the conflict in the judg 
are mental situation,** it would seem from these 
that the groups 


conflict generally dee idedly 


data 


on approximately the same number of cor anx1ous 


are more i 
rect and incorrect judgments for each sub 
ject group. The take 
substantially more time in making incorrect 
than The by 
contrast, are distinctly slower when making 


judgments 


and more so 


normals do not when they cannot diseriminate the stimuli 


Accuracy and Decision Time as a Fun 
Differences Ihe Area 
Judgment Test, it will be recalled, requires 


the discrimination of stimulus pairs, which 
differ 


correct judgments patients, tion Stimulus 


which are wrong. Comparing 


the two groups in terms of the difference by 1, 2, or 3 mm. on a side. One 


should expect that subjects should be both 
more accurate and 


between decision times for the cor rect and 


the incorrect that the 


mean difference is significantly larger for 


items, it is found 


IS1OnS 


faster in thei 


as the difference in size between the com 


Fig. 1 Ace 
differences 1 
first test 
by olid 


curves 


uracy and speed as a 
oft the stimulus 


Accuracy 


deci 


function of 
pairs 


are 


the big. 2 
the differences in 
connected 
dashed 


drawn, and 


peed a 


timulu 


function of the 
pair ihe 
are connected 
dashed 


drawn and 


17¢ lor ive ol tie 
ond test occasion Ven 

olid line and 
curve lor patient 


lightly 


Occasion 


line ind 
for 


value ‘ 
time, by 
he ivily 
drawn 


value 
time, b 


lines by 


those 


decision 
patients are ire: heavily those 
normals, light! for normal 


drawn 


Korchin et a 


12.47 
2 11.88 
1 11.56 

2 11.17 2.02 

| | 

| 

f ‘ 

tor 
13 
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parison stimuli increases. The possibility 
of error decreases and the certainty of judg 
the 


comes objectively easier 


ment increases as discrimination — be- 

The mean number of correct judgments 
and the mean decision times for the 15 items 
of the 


are given in Table 5 and plotted in Figure 


at each stimulus-difference levels 
1 for the first trial and in Figure 2 for the 
As the 


increases, there 


second trial difference between 


stimuli is a clear rise in 


accuracy and coordinately a fall in decision 
time 
the 


This pattern is basically the same in 
both 
Moreover, the group differ 


two groups and on occasions of 


measurement 
ences already noted in total scores hold 
The 


somewhat more accurate, and 


equally for the subgroups of items: 


patients are 


they are slower in their decision times for 
each of the three sets of items, as they are 
the total all 45 
Table 4). 

However, while the curves for accuracy 
values (Figs. 1 and 2) are virtually parallel, 


there tends to be some convergence in the 


in for items combined 


(cf 


decision-time curves. The patients and nor 
mals are most distinetly different for the 
I mm. items, least so for the 3 mm. items. 
It would appear, then, that the more difficult 
the judgment, the proportionately slower the 
patients are as compared with the normals. 
As both groups adjust to the task, Trial 2, 
both the 


between 


differences 
the 


more dis- 


relative 
but 
groups 


absolute and 


them decrease, 
the 


tinctly separated in the time taken to judge 


even on 


second occasion are 
the more difficult than to judge the simpler 
items 

It may be remarked that these findings 
on decision time as a funetion of stimulus 


Taste 6—Mean Decision-Time Values for Correct and Incorrect Items, by Stimulus 
Difference, on Two Occasions of Testing 
(Anxious Patients, N-17; Normals, N-18) 
1Mm 2Mm 3 Mm 
Group Occasion Correct Incorrect Correct Incorrect Correct Incorrect* 
Patients 1 4.4 4.23 3.4 4.44 2.43 10.79 
2 $.16 3.57 2.40 4.22 2.25 5.21 
Controls l 3.34 2.85 2.75 70 2.41 2.5 
2 2.18 2.52 2.08 2.05 2.37 
*All entries in this column depend on too few cases for reliability 
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differences might duplicate the already noted 
findings that patients are slower when mak 
ing erroneous judgments, since most of the 
errors are made with the 1 mm. pairs and 
increasingly fewer with the 2 and the 3 mm. 
if the for 
and incorrect items are separated within 
each of the stimulus-difference 
(Table 6), the 
proportionately slower times for incorrect 
This par- 
ticularly true on the first occasion, where 


pairs. However, times correct 
groups 


generally patients show 


than for correct judgments. is 
the significant difference in over-all mean 
times has already been seen, and less so on 
the 


smaller 


second occasion, with its relatively 


over-all differences. Generally, 


then, the patients seem to have greater 


difficulty in resolving the judgmental con 
flict the 


are minimally different and have particular 


when objectively discriminanda 


difficulty in reaching or admitting the deci 
sion that there is no discernible difference 


between a pair of stimuli (‘‘same’’ = incor 


rect judgment), although they are no less 
often correct in their final decision. 

To discover whether there are any differ 
ences among anxious and normal subjects 
in the pattern of accuracy and decision-time 
values as a function of stimulus differences, 
each subject was rated as to whether he 
conformed to the pattern characterizing the 
group as a whole, 1. ©., inereased accuracy 


and lowered decision time accompanying 


stimulus difference 
that the could 


smooth out individual variations in pattern, 


increased 


Although it 
is conceivable mean curves 
possibly anxious subjects might more fre 
quently have irregular sequences of scores. 
Analysis of individual sequences of scores 
the identical 


shows that almost number of 


PERCEPTUAL FUNCTIONING IN 


subjects have the same pattern in each 
group and on each occasion, Variations 
from the regular pattern are somewhat 


commoner in decision time, which generally 
has greater variability than accuracy scores, 
but there is no indication that anxious sub 
jects show any greater irregularity or that 
there is any change between occasions nm 
either group. 

Relationship Between Accuracy and De 
Time considerable reli 
both 


the correlations being both 


Cision There ts 


ability between occasions for scores 
in both groups; 
high and significant. 
the product-moment 
t+Q.817 for the 
the patients. 


t+ O.804 and 


lor the accuracy val 
correlation 1s 
+ 0.769 for 


ues, 
normals and 
For decision time, the coeth 
cients are O.857, respectively, 
It is interesting that, although the mean 
level of decision time changes considerably 
than the 


more for the patients than for the normals, 


more mean accuracy values, and 


the degree of correlation is substantially the 
both both 
Thus, con 


same for measures for 


groups there is considerable 
sistency in the ordering of subjects within 
each group. 

To what extent are the accuracy of judg 
ment and the time taken for judgment re 
lated? At. the 
that the effect of 


processes might be seen -in’ these studies 


outset, it was anticipated 


anxiety on judgmental 
in a simultaneous lowering of accuracy and 
increase in the time required for judgment 
Still, it might be equally reasonable to ex 
pect that the accurate subject might be 
slower and that speeding of response would 
accompany less discriminating judgment 


The 


and decision time, for each group and on 


actual correlations between accuracy 


each occasion, show only low and insignih 


cant relationships. For the normals, the 


variables 1s 
+ 0.302 on 


between the two 
the first 
the second day. 
0.180 


correlation 


+0.170 on day and 
lor the patients, the values 
0.113. Thus, it 


that neither among anxious nor among nor 


are and seems 
mal subjects is there any over-all relation 
between the speed and the accuracy of judg 
ment 
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Sull, the lack of 
group as a whole might conceal the fact that 
there are 


correlation im either 
consistent but different individual 
patterns which taken together sum to mimi 
mal correlation. To explore the possibility 


of individual patterns, correlations were 
run for each individual of the patient group, 
using the paired values for the six measures 


The 


preexperimental day was excluded because 


made on the three experimental days 


the regular decline in values from this to 
the first Day 1, 


would artifact to 


noted above 
the 
The correlations (p) ranged from 


O.000 to 


measure of 
contribute an corre 
lations 


0.757, approximately half be 


ing positive and half negative; but) only 
slightly more than one-third were within the 
limits *0.300. Because of the small num 
ber of oceasions, the reliability of any of 


these coefficients 1s questionable, and there 
is no simple basis on which to judge that 
the distribution of these values differs from 
what one would expect in a chance distribu 
tion of this number of p’s. On inspection, 
however, it does seem possible that there 
might indeed be two response patterns, one 
seen in positive, the other in negative, cor 
relation, It may be that for some persons 
making more accurate decisions involves a 
slowing of the speed of the decision, while 
for others reduced speed accompanies great 
er inaccuracy. Though the present findings 
are too uncertain to justify such conclusion, 
they do suggest two patterns of response in 


this situation 


Comment 
The Area Judgment Test) requires be 
havior which is of little general importance 


The 


as such, they have minimal 


to most subjects stimull are inten 


tionally neutral 
association value-——nor is there 


any 


diate or personally relevant consequence of 
The sub 
ject is required to distinguish aspects of 
the stimulus field which are 


making one or another judgment 


relevant (i, 


squares’ size) from those which are irrele 


vant (1. ©€., color, 


position, ete.) and, in 


terms of this dimension, to designate one 


of the two as “larger,” 


The meaning 
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of “larger” is clear; and from the subject's 
standpoint all of the evidence necessary for 


decision is contained within the external, 


stimulus field. Despite differences in their 
interpretation of the larger situation, which 
will soon be discussed, it can be fairly 
assumed that the motivation in the task 1s 
much the same for all—to make judgments 
correctly, and thus to get 


Thus, the test calls forth 


“a high score.” 
“autonomous ego 
functioning,” relatively free from the inter 
ference of emotional or unconscious proc 
esses. And the evidence over-all is that such 
functioning could be maintained by most 
subjects despite rather high levels of anx- 
ety. 

It should be noted that the conditions of 
testing further encourage the ego detach- 
ment necessary for judgment in terms of 
objective stimulus qualities. Lights were 
dimmed; the room was quieted, and the sub 
ject sat with his eyes enclosed by the view 
ing-box eyepiece. External stimulation was 
reduced to little more than the two squares 
which filled the visual field. Similarly, the 
persons administering the test were inten 
tionally aloof, and communication was lim 
ited to little 


instructions. 


more than giving the test 
They existed as part of the 
test procedure and were intended to have 
with whom the 


little identity as persons 


patient could interact. 

Parenthetically, it might be remarked that 
withal the test was interpreted in strikingly 
different ways. Possibly because of the 
apparent simplicity of the procedure and 
the professionally detached behavior of the 
examiners, the situation invited the projec 
tion of all sorts of meanings. For some, tt 
was a test of sanity, though they could not 
explain the mechanisms involved. One sub 
ject believed that the viewing machine was 
in fact some sort of camera and in some 
unknown fashion took pictures of her mind. 
Others, however, took the procedure at face 
value and were 
distinetly relaxed during this part of the 
The the 
examiners was felt by some subjects to be 


“a test of perception” 


experimental day behavior of 
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cold 


ciated the cool and competent “going-about 


and rejecting, though others appre- 
his-business” attitude. Often patients sought 
The 


situation was emotionally threatening when 


warmer and more personal contact 


its very simplicity was felt to conceal hidden 
but ominous meanings, and the subject could 
not gain reassurance by using accustomed 
defensive behavior in the social interplay 
with the examiners. 

However, despite evidences of disturb 
ances engendered by the task 
observed the subject toward 
the examiners and described in before 


after-interviews 


noted in the 
behavior of 


and 
we believe that when they 
were immersed in the task most subjects 
could make the required judgments with 
minimal from 


interference unconscious or 


emotional factors. 

Consequently, the changes in perceptual 
functioning between the experimentally de 
fined occasions were rather small. On only 
one day is there a significant change for 
the group as a whole. However, when the 
data are regrouped in terms of the degree 
of emotional response to the inter 


stress 
view, there tends to be consistent 
changes in perceptual performance. Thus, 
we feel that, while the imposed stress and 
the affect aroused by it had a discernible 
effect in reducing the accuracy of the per 
ceptual judgments, these effects were gen 


erally rather small, perhaps partly because 


more 


the anxiety evoked by the situation was 
rarely very great and partly because the 
task and test for segre 
gating the perceptual decision from disrupt 
ing emotional factors. 


situation allowed 


We have sought to describe the relations 
between affective and perceptual behavior 
in two types of comparisons: (a) between 
occasions of greater and lesser stress, and 
as correlated with emotional changes, within 
the anxious patient group; and (b) by con 
trasting the performance of the anxious 
patient with that of normal subjects on two 
nonstress occasions. It is rather interesting 
that the dimension of the test which varies 
the 


is different in two 


COMPariso 


(dad) 
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Within the patient group such differences 
as are found are mainly in the accuracy 
scores, with little evidence of systematic 
changes in decision time; and (>) by con 
trast, the major differences between patients 
and normals are in the patterning of time 
scores, with virtually no difference im accu 
racy. In the simplest view, it might be 
assumed that if one or the other dimension 
varied more with anxiety it would be sim 
that 


varies on one of the comparisons but not 


ilarly seen in both comparisons; each 


in both would seem paradoxical. 
While both 


contrast in the levels of anxiety, there are 


schematically cases imply 
obvious and important differences between 
them. The patients differ from the normals 
not only in being more anxious but, as im 
portantly, in terms of enduring aspects of 
personality organization, including defenses 
and modes of handling potentially threaten 
ing situations, which have been integrated 
over years. Similarly, the interpretation of 
the task and motivation in it, as well as the 
definition of the social situation generally, 
might well differ considerably between the 
groups. By contrast, testing the same pa 


tients on a number of occasions abstracts 


the relatively smaller changes in free anx 
iety which can be aroused by the expert 
mental situation, and of necessity rules out 
the more enduring aspects of personality 


organization as a primary source of varia 


tion 


Patients, we have noted, tend to be gen 


erally slower in’ making the perceptual 


This 


is particularly true when the items cannot 


decisions than the normal controls 


be distinguished and when they are in fact 
would seem 
diffi 
culty in resolving the conflict of deciding 


minimally different in size. It 


that the anxious subject has greater 
between the almost equal squares, although, 
as we have also noted, the decision finally 


Whether 


this slowing reflects greater hesitancy in 


reached is no less often correct 


discriminate, o1 
dith 
culty in discrimination itself, we cannot say. 


admitting inability — to 


whether it directly indicates greater 
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It may also be true that despite the identical 


test instructions given all subjects, the 
patients and the normals differed somewhat 
in their interpretation of the requirements 
of the task. The 


themselves to be 


patients may have set 
as accurate as possible, 
regardless of time taken, while the normals 
sought to be quick as well as accurate. There 
is little question that implicit sets estab 
lished by the subjects, as well as exphieit 
sets imposed by the experimental task, can 
produce differences as great as or greater 
than those found in this study. Clearly, 
however, we do not have evidence here for 
deciding among alternate interpretations of 
these findings 

However, whatever determines the anx 
1ous patient's slower re sponse, we have seen 
that it does not vary in any sensible way as 
he becomes further disturbed by the stress 
interviews. Instead, the accuracy of judg 


ment changes, particularly on those 
occasions when the greatest emotional dis 


Without 


time, the patient more frequently reaches 


turbance is aroused using more 
the decision that the squares do not differ 
in size. At these heightened levels of anx 
that the 
less able to distinguish the relevant dimen 


that 


if does appear patients are 


sions of the square and there is a 


reduction in the adequacy of perceptual 


shall 


some 
later, the 


an inability to sustain the tension 


performance In cases, as We 


discuss again mechanism 


to involve 


necessary for making decisions, and the 


response “same” arises from the need to 


escape the requirements of the task 
( ne 


finding deserves special comment 


The correlation between change in accuracy 


scores and the increase in emotional dis 
turbance from before to after the stress 
interview tends to be positive on the first 
experimental day and then increasingly 


negative on the two succeeding days Sepa 


rate analysis® has shown the stress inter 
least 
first 


considered against this lower level, increased 


view to be generally effective in 


arousing anxiety on the day; and, 


affect leads to the facilitation of perform 
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ance. By contrast, on the generally more 


stressful days, still further rise in affect 


leads to interference with performance. 


These findings support the general view 
that the relation between anxiety and per 
formance over a sufficiently large range ts 
not linear, but, rather, curvilinear, and 
give further evidence that moderate amounts 
of anxiety may organize rather than disrupt 
behavior.” 

lor the group as a whole, there ts little 
indication of relationship between accuracy 
and time, either found in correlation within 
patients or normals or, as just discussed, to 
be seen in coordinate changes of the two 


variables under stress. But when each pa 


tient is considered individually, there ts 
indication of two distinet patterns of accu 
racy-time relationship found in the changes 
Although the data are 
that for 


time 


between occasions. 


not conclusive, it appears some 


subjects accuracy decision are 


positively related (when they are more ac 


curate, their judgments are made more 


rapidly, and, conversely, slowing down goes 
with less accurate judgments), while for 
other patients there is a negative relation 
ship (they are most accurate when slowest, 


least accurate when fastest) rom the 


evidence on hand, we are uncertain how 


definite these particular patterns are, or to 
what they may be related 


There as litthe question, however, that 


persons differ greatly in the ways in which 
they dealt with the problem posed by the 


test. Though not represented in the quanti 


tative analyses of the patterns of scores, 


observation of the behavior of patients dun 


ing testing and clinical review of all the 


test data for each subject separately indicate 


rather distinet and consistent modes of de 


cision making, which may well be related 


to more general personality characteristics 


Some subjects pondered each of the stim 


ulus pairs carefully and slowly, and under 


stress became even more deliberate and 


compulsive in considering all possible cues 


before announcing a decision. For some, 


rapidity of judgment seemed to go with a 
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genuine decisiveness, but for others equally 
rapid judgments apparently served the pri 
mary purpose of relieving the subject of 
the need for making the judgment. 
Running through a number of these indi 
vidual behaviors, there is, we feel, a per- 


sonality characteristic of rather general 


importance the ability to tolerate the ten 
sion aroused by having to make a decision. 
Coniliet is inherent in any judgment involv 
ing alternate and exclusive choices, and 
tension is necessarily aroused, which is then 
resolved when the judgment is made. Some 
of our anxious patients were visibly unable 
this 


quently give very rapid responses in order 


to maintain tension and would conse 


to escape it. Their need apparently was to 
get the problem over with, rather than to 
We 


similar behavior in another decision-making 


reach the best solution have noted 


situation.*’ At the other extreme were per 
sons who delayed excessively in rendering 
Such 


ently better able to tolerate the immediate 


a final decision. persons are appar 


task-engendered tension than run the risk 
of committing themselves to a definite posi 
tion. bor them, the ultimate outcome of 
taking a stand is far more threatening than 
the existing discomfort of not deciding. 
Thus most of the time is not applied in a 
constructive solution of — the problem at 
hand, but reflects an obsessional process of 
warding off the potentially 


conse 


quences of the decision itself 
The data of these studies call attention 
to some of the number of possible inch 
vidually organized patterns of judgmental 
behavior, which taken together might atten 
uate differences of the sort 


any group 


discussed earlier. Clearly, such patterns, as 
related to more general aspects of person 
ality organization, should be considered in 
their own right, as in the recent study by 
Block and 


Peterson.’ 


Summary 


To study the relationship between anx 
iety and perceptual functioning, measured 


in the accuracy and speed of size diserimi 
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nation, 19 were 


anxiety-prone patients 
tested once on a preexperimental day and 
twice (before and after a stress interview ) 
lor 
comparison, a group of 18 normal, hospital 


on each of the three subsequent days 


employees were tested on two occasions 
Forty-five pairs of squares, differing in 
size as well as in other stimulus attributes, 
were presented in a different order on each 
occasion with the request that the subject 
identify, if he could, the larger member 
in each pair. 

lor the group as a whole there is little 
evidence of much change in test perform 
ance, particularly in decision-time scores, 
in response to the stress interview On 
only one of the three experimental days 1s 
there a significant drop in poststress accu 
racy values. However, when the days are 
regrouped in terms of the amount of emo 
tional disturbance engendered by the inter 
more evidence of 


there is somewhat 


effects: 


view, 
stress Generally, on the occasions 
of the largest. stress produced increases in 
affect there ts the greatest drop in accuracy, 
the least change in accuracy values occur 
ring on the days of smallest affect increases 
little 


between over all emotional levels, based on 


However, there is 


direct relation 


ratings made over the four days, and test 
More 


however, 


performance distinet 


relationship 


emerges, When correlations are 


run between the pre- to poststress changes 


in affects and the changes in test perform 


ance on each of the experimental days. On 
the first day, subjects who become most 
disturbed by the stress interview tend to be 
more accurate and somewhat slower in thei 


judgments; on the second day increased 


affective disturbance ts 


paralleled by ce 
creased accuracy and speeding of response, 
third both decreased 


This 


change from positive to negative correlation 


and on. the day, by 


accuracy and slowing of response 


(in accuracy scores ) from the less disturbed 


to the more disturbed days give some indi 


cation of what is believed to be a yen rally 


curvilinear relation between anxiety and 


performances \t more moderate levels, in 
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creased anxiety facilitates, at higher levels 


similar increase disrupts, performance, 

Of the two measures, accuracy is found 
to be more distinetly related to the stress 
and affective changes within the patient 
group; but, interestingly, the major differ 
ences between the patients and the normals 
are found in the decision-time measure. On 
each of the two comparison occasions, the 
patients and the normals are virtually iden 
tical in accuracy, though the patients are 
decidedly slower, particularly on the first 
day. Generally, the patients seem to have 
greater difficulty in resolving the judgmental 
conflict, more particularly so when the stim 
ulus items were actually minimally different 
“no difference” had 


Within neither 


or when the decision of 


to be reached or admitted 


group as a whole is there correlation be 


tween accuracy and decision time There 


are, however, suggestions of individual pat 


terns, which are discussed as possibly re 


lated to more general and personally 


consistent modes of judging and resolving 
contliet, reflecting perhaps differences in 
the ability to tolerate the tension aroused 
by having to decide between alternate poss 


bilities 


Michael Reese Hospital (16) 
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United States. 
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“Mommy, play with me, Mommy!” ttn 


She can, now. But only a short time 
ago Doris never had time for the kids. 


A “erazy-clean” housekeeper, she chased 
dirt and germs all day long. This end- 
less ritual seemed pointless, even to 
her, yet she couldn’t help herself. 

She became short-tempered with the 
children... cried for no reason at 

all... was depressed and inde- 

cisive. Because her 
compulsiveness crowded 
out normal living, and 
Doris was on the brink 
of a serious breakdown, 
Pacatal was instituted: 
25 mg. t.i.d. 


Pacatal therapy re- 
leased this housewife 
from the grip of 


her neurosis. 


certam earlier ataraxics; its major benefits far 
astonal transitory reactions. Complete dosage 


instructions (available on request) should be consulted 


Supplied: 25 and 50 mg. tablets in bottles of 100 and 500. 


back from the brink with 


For patients on the brink of psychoses, 
Pacatal provides more than tranquiliza- 
tion. Pacatal has a “normalizing” 

action, L.e., patients think and respond 
emotionally in a more normal manner. 
To the self-absorbed patient, Pacatal 
restores the warmth of human fellowship 
... brings order and clarity to muddled 


thoughts ... helps querulous older 


people return to the circle of 
family and friends. 


Pacatal does not “flatten” the 

patient. Rather, he remains alert and 
more responsive to your counselling. But 
Pacatal, like all phenothiazines, should 
not be used for the minor worries 

of everyday life. 


Pacatal has shown fewer side effects 
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for parenteral use. 


WARNER-CHILCOTT 


OTHE mec 


AL PROFESSION 


| =>. 
At 
| 
than 
outwegl 
[> 
i ga 


RIVER CREST SANITARIUM 


R 


NERVOUS, MENTAL, AND ALCOHOLIC PATIENTS 


Layman R. Harrison, M.D. Martin Dollin, M.D. 
Physician in Charge Clinical Director 
Russell N. Carrier, M.D. Arthur Gordon, M.D. Katherine C. Kindred 
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A private hospital for the care and treatment of nervous and mental dis- 
orders. All accepted types of treatment available. Individualized atten- 
tion to psychotherapy, insulin and electroshock therapy. 

A cottage maintained expressly for elderly women with problems of 
senility and continued care. We also have accommodations for men 
requiring continued care. 

River Crest is located in a beautifully wooded and landscaped park of 
about twelve acres, secluded but easily accessible by subway, bus or pri- 
vate car. 

Full cooperation with referring physicians, who will find it convenient to 
visit or participate in the treatment of their patients while at River Crest. 


Ditmars Boulevard and 26th Street 
ASTORIA, L. L, NEW YORK CITY 


AS 8-0820 
TWENTY MINUTES FROM TIMES SQUARE 
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A oll Asheville. North Carolina 


An Institution for the diagnosis and treatment of Psychiatric and Neurological illnesses, 

rest, convalescence, drug and alcohol habituation. 

Insulin Coma, I[-lectroshock and Psychotherapy are employed. The Institution is 

equipped with complete laboratory tacilities including electroencephalography and 

X-ray. 

Appalachian Hall is located in Asheville, North Carolina, a resort town, which justly 

claims an all around climate for health and comfort. There are ample facilities for 

classification of patients 
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ADAMS HOUSE || BALDPATE, Inc. 


Established 1877 Georgetown, Mass. 


a Geo. Fleetwood 2-2131 } 
A non-commitment sanitarium and clinic, Located in the hills of Essex County, 
club-like in physical setting and atmos- 30 miles north of Boston 
phere, applying re-educational psycho- 
therapeutic methods in the study and For the treatment of psychoneuroses, 
treatment of the psychoneuroses exclu- personality disorders, psychoses, alco- 
sively. holism and drug addiction. 


Located im suburban Boston contiguous to and 


overlooking the Arnold Arboretum Definitive psychotherapy, somatic ther- 
rs apies, pharmacotherapy, milieu-therapy 


wa | under direction of trained occupational 


James Martin Woodall, M.D, Medical Director } and recreational therapists 


990 CENTRE STREET, BOSTON, C. Sotomon, M.D. Grorce M. Scutomer, M.D. 
Jamaica Plain, MASS Consulting Psychiatrist Medical Director 
THE SOUTHARD SCHOOL THE CHILDREN’S CLINIC 
A residential school for elementary Outpatient psychiatric and neurologic 
grade children with emotional and evaluation of infants and children to 
behavior probiems. eighteen years. 


Child Psychiatry Service 
THE MENNINGER CLINIC 


J. COTTER HIRSCHBERG, M.D., Director Topeka, Kansas; Telephone 3-6494 


RING SANATORIUM 
Eight Miles from Boston—Founded 1879 


For the study, care, and treatment of emotional, mental, personality, and habit 
disorders. 


On a foundation of dynamic psychotherapy all other recognized therapies are used 
as indicated. 

Cottage accommodations meet varied individual needs. Limited facilities for the con- 
tinued care of progressive disorders requiring medical, psychiatric, or neurological 


supervision. 
Full resident and associate staff. Courtesy privileges to qualified physicians 
BENJAMIN SIMON, CuHaries E. Wuirte, M.D. 
Director Assistant Director 


Arlington Heights, Massachusetts Mission 8-0081 


North Shore Health Resort 


on the shores of Lake Michigan 


WINNETKA, ILLINOIS 


NERVOUS and MENTAL DISORDERS 
ALCOHOLISM and DRUG ADDICTION 


Modern Methods of Treatment 


MODERATE RATES 
Established 1901 Accredited by The Joint Commission on 


Licensed by State of Illinois Accreditation of Hospitals 


SAMUEL LIEBMAN, M.S... M.D. 


Medical Director 


225 Sheridan Road 


Winnetka 6-0211 


Divided into sections, one devoted to 
books and the other to periodical literature, 
GU DE TO the QUART ERLY ¢ (UMULATIVE 
INDEX MEDICUS contains a list of 
current publications alphabetized 
Ss as to authors and subjects. The exact 
CURRENT PUBLICATION bibliographic reference is given under the 
author with titles in the original language, 
while titles under subjects are all in 
english. The index also includes a listing 
of journals, addresses and publishers 


The QUARTERLY CUMULATIVE 


Quarter! ; INDEX MEDICUS appears twice a year; 
volumes are cloth bound and cover 
| periodicals for six months as indicated 
. Hi on the publication. These two volumes will 
Cumulati ve ee be a convenient and inclusive reference 
yA for current medical literature. Invaluable 


lor practitioners, specialists, teachers, 


. editors, ers, *Stigators 
Index Medicus 


AUTHORS 
SUBSCRIPTION PRICE $25.00 PER YEAR AND SUBJECTS ... 


CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN e CHICAGO 10 
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ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
All of problems confronting the alcoholic are discussed. 
these articles have 
eppeared in TODAY'S HEALTH ALCOHOL AND CIRRHOSIS OF THE LIVER 


Relationship between alcohol, diet and cirrhosis. Increasing 
and are now available 
stress on nutritional differences 


in one pamphlet, by Russell S. Boles 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition 
by Edward A. Strecker and Francis T. Chambers, Jr. 


ALCOHOLISM THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 
by Lewis Inman Sharp 


an 


CONDITIONED REFLEX TREATMENT 
OF CHRONIC ALCOHOLISM 


Important Its place among methods of treatment today, 


its development and correlation with personality factors 
by Walter L. Voegtlin 


blem 
pro J C INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 


° d li Comparative differences, in drinking, with 
In to ay S IVINg the last century, new establishments and methods of treatment, 
lack of trained personnel, 


by H.1 


Corwin 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW EXPERTS MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case 
H. A. Heise 
8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES 


A discussion of the dangers of mixing alcohol and bar- 
biturates 

Donald A. Dukelow 

4 pages, 10 cents 


ADDRESS REQUESTS TO: 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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THE LIVERMORE SANTARIUM and PSYCHIATRIC CLIMC 


Livermore, California 
Telephone: Hilltop 7-3131 
Oakland Office—411 30th Street 
FOR THE TREATMENT OF NERVOUS AND MENTAL DISORDERS 


THE OPEN CONVALESCENT DEPARTMENT, for nervous and general patients; the COT- 
TAGE DEPARTMENT, for mental patients. Features: near Oakland and San Francisco; ideal 
climate; large beautiful grounds; hydrotherapy, athletic and occupational departments; clinical labora 
tory; large nursing force. Rates include room, suitable diet, medical care, general nursing and routine 


examinations, 
HERBERT E. HARMS, M.D.—Superintendent 


DEVOTED TO THE ACTIVE TREATMENT OF 


MENTAL and NERVOUS DISORDERS 


Specializing in Psycho-Therapy, and Physiological therapies includ 


ing: 
@ Insulin Shock © Electro-Narcosis 
2828 S. PRAIRIE AVE. © Electro-Shock © Out Patient Shock Therapy 
CHICAGO Available 
Phone VIctory 2-1650 ALCOHOLISM Treated by Comprehensive Medical- 
J. DENNIS FREUND, M.D. 
Medical Director Psychiatric Methods. 
PRACTICE . . . Subscribe NOW to: 
> A.M.A. Archives of INTERNAL MEDICINE 
> A.M.A. Archives of PATHOLOGY 
— A.M.A, Archives of OPHTHALMOLOGY 
. Write to: 
THE AMERICAN MEDICAL ASSOCIATION 
P 535 North Dearborn Street 
Chicago 10, Hlinois 
*“*Beve rly Farm” HOME AND SCHOOL FOR 
Nervous and Back- 
INC sei wa rd Children 
12 buildings Can accommodate 350 children, 
220 acres of land with contemplated educational 
Mississippi River case for life : 


Address all communications to DR. GROVES B. SMITH, SUPERINTENDENT 
**Beverly Farm’”’ GODFREY, MADISON COUNTY, ILLINOIS 
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Typical case: 
“unmanageable” 
schizophrenic 
patient is hostile, 
untidy and 
inaccessible 

to therapy. 


the “before-and-after” picture in mental 


wards continues to improve, case after 


case, with S rp asi 


With Serpasil, 
patient becomes 
calm, cooperative, 
amenable to interview... 
as have thousands 
in this new age 
of hope for 
the psychotic. 
SUPPLIED: 


Parenteral Solution: 
Ampuls, 2 ml., 2.5 mg. 
Serpasil per mi. 
Multiple - dose Vials, 10 mi., 
2.5 mg. Serpasil per ml. 


Tablets, 4 mg. (scored), 2 mg. 
(scored), 1 mg. (scored), 
0.25 mg. (scored) and 0.1 mg. 
Elixirs, 1 mg. and 0.2 mg. 
Serpasil per 4-ml. teaspoon. 


CIBA 


SUMMIT, N. J. 
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for those with 


PARKINSONIS 


Smoother activity 
and 


brighter expression 


g reduces rigidity and tremor, 


@ seldom causes dryness of the mouth, 


blurring of vision or excitation. 


**KEMADRIN’ brand Procyelidine Hydrochloride 
Tablet of 5 my., scored. Bottles of LOO and 1,000, 


Literature available on request. 


BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, VY. 
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Dexamyl* 


can encourage many patients 


to resume normal social activity 


because it smoothly and subtly 


induces a sense of confidence, 


optimism and well-being. 


A combination of dextro- 
amphetamine sulfate, S.K.F., 
and amobarbital, ‘Dexamy|’ is 
available in Tablets, Elixir, 
and Spansulet capsules; made 
only by Smith, Kline & French 
Laboratories, Philadelphia. 


*T.M. Reg. U.S. Pat. Off. 
+T.M. Reg. U.S. Pat. Off. for 
sustained release capsules, S.K.F. 
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